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Jjiwion AIRPLANES Form OVERLAND Ano OVERWATER FLYING 


THE LAWSON AIRCRAFT CORPORATION | 





GREEN BAY. WISCONSIN 
Kay 6th, 1918. 



















uali~goets kotor Ger Cosy fi /f ie : 
San Francisco, Cal. f 
Vif, « I HE Hatt-Scotr as usual 


Gentlemen: 
carried the machine all 





the new LAVSON M.T. 2 Biplane was taken from the 


It may interest you to imow that on Lay 2d, A tf, g 
& , 









7 
Factory and without any alterations of any sort > ? ~ 
was sent up into the air for 28 row flights in 3 ee 4 through 1ts th ree days tests 
days (May 24,34, and 4th) during which time the & , 4 “ 
hi 4 about 1,00 ° # ( 
Se ee without a flaw of any sort 
The machine was piloted during the most a. ho ‘ a Tr 
of the flighte by U.S.Army flying Instructor . «og + r 
Geor.e Pufflea, while the writer weiehea the ma- J. al iv, show ing itself. 
chine on 6 out of the 24 flights, J 7 
a ” 7 . 
The LAWSON M.T. 2 is @ two seater instal.- i a ~ 5 3 
4 with a Hall-Scott, 4 cylinder A.7A. liotor. ‘ 4 , Hatt — dependable Ranpreagy nt - 
si did ihcelail hid v 7 not the result of chance — ut the evelop- 
than we had expected, but the Hall-Scott usual ’ > : "4 ~ 
curried the mashine through Gli of ite ‘ewes ame ment of ten years experience in Airplane 
tests without a flew of any sort showing iteeif. Engine building. 





We are of the opinion here, that the 
LAWSON M.T. 2 with a Hall-Scott 100 1.P. uoter 
will outclase any two seated airplane in the 
world with equal H.P. im any sort of performance. 






Hatu-Scorr engines—ranging from 100 
to 450 h.p.—are built by men who know, 
in a plant having the capacity to produce 
twenty engines every twenty-four hours 
when necessity demands. 





en 














All of the experts present were deiichted 
with the performance of the machine and the cen- 
eral expression was that the LAWSON M.T. 2 gave 
the Hall-Scott Motor an opportunity to show it- 
self to the best advantage. 

















I am enclosing herewith a photograph of 
the machine showing the position of the motor 
end radiator. 


















Send for folder descriptive of the L-6, the 
latest Hati-Scott development. 


HALL-SCOTT MOTOR CAR CO. 


B—— Crocker Burtpinc, SAN Francisco, CAL. 











With best wishes, [ an 









Yours very truly, 
LAWSUN AIRCRAFT CORPORATION. 


Affect titfeovror 









Middle Western Representative 
CHAS. SCHLEGEL 
Mutvat Home Bxipc., Dayton, Ouro 
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CONTRACTORS TO 


The United States Army and Navy 
The British Admiralty 


THE. BURGESS COMPANY 


MARBLEHEAD, MASS. 


Sole Licensees for the United States for the Dunne Patents 
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*‘L‘W:F:ENGINEERING:COMPANY? 


COLLEGE POINT, N. Y. 
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Duesenber? 


The Power of the Hour 
Airplane—Automobile—Marine Engines 
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DUESENBERG MOTORS CORPORATION, 0eBreadway, New York City 
Contractors to WeCOnited States Ge 
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Along, uncharted lanes 


HERE is no precedent in the aero- 
plane industry. 















It is pioneering—driving along un- 
charted lanes—solving new problems 
solely by individual initiative and the cor- 
rect application of industrial experience. 


This being true, the remarkable 
success of the Wright-Martin Aircraft 
Corporation must be attributed to the 
executive personnel and a determination 
which pervades the entire company to 
build for the << future of aeronautics. 


Weal ahi Marlin 


Cait Gorpo raion 


NEW BRUNSWICK, N. J., eg S. A. 






HISPANO- 
SUIZA 
ENGINE 
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NEW 
ENDURANCE RECORD 












BBUUIUN IN HHAURUAOUAAUEAUNLUGNUSAGUAUASUGATUNUSHAUNLUSUUUALULUUUDULAELAGVLERPEYRLSOULBUVORULOUIUROLSLUUULALUALUSLUULOLUSERLLOULUGRUUOLUOUALULLUUL.U4S 0H COOL 


Established by 


Union Airplane Motor 
at U. §. Aeronautical 
Testing Laboratory, 
Navy Yard, Washing- 
ton, D. C. 


Best previous record ex- 
ceeded by fifty per cent. 


DMVUONIVNNTNNTANSEGROUAUNEEAOESSOAPOGEUGRAGAESONV ESOS TEAL AUER A UGUESAUAUUAOESEUOUUSAUULUUSELAUUCOEEULLU ULLAL HUE eg 


UNION GAS ENGINE COMPANY 


ESTABLISHED 1885 


OAKLAND - - - CALIFORNIA 
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Where Speed Begins 


Lvnite alloys have been developed 
to the point where they have practically 
the strength of cast iron with only a 
third the weight. 


In developing the remarkable stand- 
ards of speed which the airplane 
must now meet, great lightness, with 
strength, is indispensable. 


In lightness, speed has its real 
beginnings. 

And while no single factor can claim 
the credit for making possible the 
lightness of the airplane, certainly few 
have been of greater importance than 
the use of Lynite in the place of heavier 
metals. 


Ly nite is rapidly becoming the metal 
of the air. Only a few years agoa 
comparatively unknown product, it is 
being used today for thousands of 
airplanes. 


Moreover, the processes of casting 
Lynite have been so far advanced that 
it is now made into engine cylinders, 
pistons and other parts requiring a de- 
gree of foundry expertness unknown a 
few years ago. 


The extent of the service which 
Lynite is performing not alone for 
the airplane industry but for the auto- 
mobile and other industries as well may 
be judged from the fact that it now 
takes eight foundries to meet the 
demand for it. 


THE ALUMINUM CASTINGS COMPANY 
LYNITE and LYNUX Products 
Eight Plants in 


Cleveland Detroit Buffalo 





Manitowoc, Wis. 


Fairfield, Conn. 
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Aeroplane Service 



















again emphasizes Fedders supe- 
riority in design and workman- 
ship, the leading aeroplane 
builders having adopted Fedders 
Radiators as standard equipment. 


After years of leadership in the 
motor car field, it has been left to 
Fedders to develop the one Radia- 
tor that best withstands the ex- 
tremes of heat and cold, the shocks 
of landing and the severe strains 
peculiar to aeroplane service. 





Let us help solve your problems by 
telling you more about this Fed- 
ders Aeroplane Radiator. 


| We are especially prepared to | 
| make prompt shipments on any | 
| desired quantity of JN4D and | 

JN4H radiators. | 


Fedders Mfg. Co., Inc. | 


BUFFALO, N. Y. | 
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There is a big differ- 
ence between MAYO 
Radiatorsandso-called 
“Mayo types.” We will 
not build a radiator in 
our factory that is not 
honestly and scientific- 
ally designed to do the 
work required of it. 














MAYO RADIATOR DIVISION & MARLIN ROCKWELL Corporation 43rd Street ond Southern Boulevard. NEW YORK CITY 
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For Safety—They All Insist 


RESISTAL 
EYETECTS 


Not only Aviators in the Army and 
Navy, but also Auto Race Drivers, 
Motorists, Factory Workers and all 
engaged in hazardous occupations 
INSIST upon RESISTAL for 
Safety. The glass cannot shatter 
and injure the eyes. 


The Only Guaranteed 
Non-Shatterable Goggles 


We guarantee RESISTAL EYE- 
TECTS will not destroy, reduce, 
distort or impair the vision in any 
way, no matter when, where or for 
what length of time they may be 
continually worn. 


























Louis Chevrolet 


Sole Manufacturers 


STRAUSS & BUEGELEISEN 


Ira Vail 438 Broadway New York City 





Send for Send for 


Free U. S. Bureau 
Test of Standards 
Pieces Report 

of n 


RESISTAL 





RESISTAL 





Thomas Milton I, P. Fetterman 





Omar Toft 
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If wings, oh God, will do 
these things, 


Then give us wings and 
wings and wings, 


reser apvien GATS 


pope 


ft 


ee, 


Devouring wings that cleave 
and soar. 


Mev’ 


And yet more wings and 
more and more. 
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rrailing and Leading Edges--Struts and Braces (stream 

line and oval)--Bent Tubing and Metal Fuselage Parts-- 

All Steel Rudders--Elevators--Fins and « Stabilizers-- 
Special Metal Designs. 


KAWNEER MANUFACTURING CO. 


Berkeley, Cal. Niles, Mich. Guelph, Ont. 
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The New U.S. Service Set—A solid meta! case, 

heavy nickel-plated and embossed with the In- 

ja of the U. S. Army and Navy. Strong, 

m, compact: 1% inches wide, 4 inches long, 

ineh thick. 12 double-edged Gillette Blades 

Shevieg Edges). Contains a nickel-plated 
lette Sa + | and Biade Box. In- 
destructible Trench Mirror inside the lid. 


x 








than fifty years of peace. 


Have you seen the new Gillette Sets specially 
made for the fighting man? Two of them are illus- 
trated on this page. They were designed by members 
of the Gillette Organization in the Service — men 
who know what the fighting man is up against. 


Simple and compact, fit the pack, the pocket or 
the ditty box. No strops or hones to clutter up the 
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The principle of No Stropping, No Honing saves time. 
weight. It does away with strop and hone—gives the fighting man his 
shaving kit in one compact unit. There is no shaving edge anywhere so 
good and lasting as the edge of the Gillette Blade. 


hy, avi - 
Se al 
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~ SAF ETY 
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Military Set No. 18—For Uncle Sam’ 5S few: 
& Gillette Combination Set, in case of U.S. 
ulation Khaki twill — nickel-plated “‘Bul 
Razor; indestructible Trench Mirror fitted 
ket in lid; Shaving Brush and Stick Gillette 
Bini ovstf doobcuee Cites Bisa 
je Boxes; -_ 
(24 Shaving Edges). = * $7 


el- plated Holders; twe 


When you are overseas—you'll need a Gillette 


even more than you do here in camp 


Trench life is harder. Shaving more difficult. A Soldier’s skin is apt to 
be burned or chapped. Hot water seldom to be had. Four years of war 
have done more to prove Gillette principles and demonstrate Gillette service 


It saves space and 


kit. Blades always sharp, always ready. No Strop- 
ping—No Honing. When a man wants new Blades 
he can get them in any Post Exchange, Ship’s Can- 
teen, or Y.M.C.A. Hut, here in America or overseas. 

Our Paris Office carries stocks — is constantly supply- 
ing the American Expeditionary Forces. Gillette Safety 
Razors and Blades on sale everywhere in France, England, 
Italy, and the Eastern battle fronts. 














i » Try this when you shave tomorrow 
a rae oh Ltd, _ morning. Lather the beard thoroughly, 


73 St. Alexander St. and rub well in 


: —that’s essential 
Montreal, P. Q., Canada with ane dave. 


Put in a new blade 
and screw the 
handle down tight. 
If you want a spe- 
cially close shave, 
unscrew the handle 
a part turn. 


Gillette Safety Razor Societe 
nonyme 
17 Bis, Rue La Boetie 
Paris, France 








Here’s the Way to Get 100% Efficiency Out of Your Gillette 


Hold the razor naturally and eas- 
ily, and tilt the handle so you can just 
feel the blade en- 
gage the beard. 

Then shave with 
short slanting 
strokes. It doesn’t 
require any brute 
force to shave with 
a Gillette—the 
razor does the 
work, 

















Gillette Safet y Razor Co 
Boston a USA: 


Gillette Safety Razor, Ltd. 
200 Great Portland St. 
London, W., England 


A. G. Micheles 
53 Liteiny, Petrograd, Russia > 


Vedova Tosi Quirino & Figli 


Via Senato, 18 
Milan, Italy 


mpany 








August 15, 1918 AVIATION 


Airships -— Military Kite 

and Spherical Balloons 

Cord Tires for Airplanes 

Rubber Accessories for Airplanes 








Everything in Rubber for the Airplane 
“Balloons of Any Size and Every Type 
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WORCESTER, MASS. 








WYMAN- 
GORDON 


Only long experience can 
produce forgings which 
will meet the exacting de- 
mands of the successful 
airplane. 


The unvarying reliability 
of Wyman-Gordon prod- 
ucts is the logical result of 
high ideals consistently 
maintained. 


At every stage of manu- 
facture, Wyman-Gordon 
forgings are subject to 
rigid inspection and tests, 
guaranteeing a perfect 
product. 


Engineers and manufac- 
turers are invited to con- 
sult with us in reference 
to any of their forging 
problems. 


Wyman-Gordon Co. 


CLEVELAND, OHIO 


GUARANTEED 
FORGINGS 











“NORMA’ 
PRECISION 


BALL BEARINGS 


(PATENTED) 


Today—whether in men or in ma- 
chines—the measure of value is the 
capacity for service. Not so much 
“what is the price’ but “what will it 
do,”’ is the decisive question. To be 
saleable today, a thing must above all 
be serviceable. And _ serviceability 
commands a ready market and a good 
price. 


“NORMA” Precision Bearings are 
the standard bearings in high- 
grade ignition apparatus and 
lighting generators because the 
test of time has proved their 
preeminent service capacity. 
Their maximum-service quali- 
ties contribute mightily to the 
service qualities of those better 
cars, trucks and tractors that 
carry “NORMA” equipped ap- 
paratus. 


Be SURE—See that your Electrical 
Apparatus is “NORMA” Equipped 


THE NORMA COMPANY OF AMERICA 


i799 BROADWAY 


Ball, Roller, Thrust and Combination Bearings. 




















August 15, 191g 


NEW YORK 








918 


August 5, 1918 


AVIATION 








worn AVIATION 


AERONAUTICAL ENGINEERING 


Member of the Audit Bureau of Circulations 
Member of the Associated Business Papers, Inc. 


INDEX TO CONTENTS 


PAGE 


Effect of Initial Stress of Redundant Truss 


ED 5 nn k-vc ian veneee ed ase ges gI 
Some Outstanding Problems of Aeronautics.. 94 
The 180 H. P. Mercedés Aero-Engine........ 98 
German Conceptions in Airplane Construction. 102 


VOL. V. NO. 2 
PAGE 
Permeability of Balloon Fabrics............. 103 
Where Liberty Airscrews Are Made......... 107 
Digest of Foreign Aeronautical Press........ 108 
News. of the POOMl,.. 2... 660% seas cthases 109 


THE GARDNER - MOFFAT COMPANY, Inc., Publishers 


120 WEST 32D STREET, NEW YORK 
WASHINGTON OFFICE, 310 EVENING STAR BUILDING 


SUBSCRIPTION PRICE: TWO DOLLARS PER YEAR. SINGLE 
COPIES FIFTEEN CENTS. CANADA AND FOREIGN: TWO 
DOLLARS AND AHALF A YEAR. COPYRIGHT. 1918, BY THE 
GARDNER-MOFFAT COMPANY, INC. 


ISSUED ON THE FIRST AND FIFTEENTH OF EACH MONTH 
FORMS CLOSE FIVE DAYS PREVIOUSLY. ENTERED AS SECOND. 
CLASS MATTER, AUGUST 3, 1916, AT THE POST OFFICE AT NEW 
YORK, N. Y.. UNDER ACT OF MARCH 3, 1879. 




















EFFICIENT AERIAL NAVIGATION 
DEPENDS UPON 








Aeronautic Instruments 


Accuracy and Precision 








LONDON 
15 Victoria St., N. W., 1 





SPERRY ~ GYROSCOPE ~ COMPANY 
MANHATTAN - BRIDGE- PLAZA 
BROOKLYN - — 

V+s5* 


PARIS 
126 Rue de Provence 





































AVIATION August 15, 191g 


Speeding the World’s Work. 


HESE are times of super-industrial achievement. We are learning 
the importance of saving waste, conserving every available unit 
of machinery, and lowering production cost. 


NULL 
agit oS ' wttny "ny, 


New 


Ball 


In this mighty work of maximum utilization, the ball bearing is a supreme factor 
because of its efficiency in overcoming mechanical friction and preventing loss of 
power, and in lowering operative and upkeep expense. 

THE NEW DEPARTURE MANUFACTURING COMPANY, - BRISTOL, CONN. 


Conrad Patent J 


Magi 
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It often occurs, in the stress analysis of a wing truss, that 
two or more members are supplied to absorb the load at a 
given point. The solution for the stress is statically inde- 
terminate, but the stresses are easily 


Effect of Initial Stress on Redundant Truss Members 
By H. T. Booth, B.S., M.S. 


By our assumption that the strain in the longitudinal and 
vertical members, produced by the load P, may be neglected 
in comparison with the strains produced in the diagonals by 

the same load P, we obtain another 





obtained by the theory of redundant @, 
truss members. If there is initial 
stress in any of the members, the 
problem becomes more complicated, 
but is comparatively readily solved by 
the same theory. The methods, as ap- 
plied to airplane structures, have not, 
however, been discussed in current 
technical papers, and it is the writer’s 
belief that a brief analysis of the truss 
action involved in such a structure will 
be of interest and possibly of some 
assistance to airplane designers. 





Suppose we have to analyze a par- 
tial structure such as shown in Fig. 1. 
The top, bottom and side members 
may be assumed to develop little or no 
strain under the impressed load, since 4, 





8 equation of condition, namely, 
B06 G, stcsntaeentacktawen (5) 
where d is the vertical deflection of the 
y free ends of the diagonals. 
, Resolving these vertical deflections 
yf along their respective diagonals, 
G, 06 Bhs tp bcsicacesakew (6) 
d, = X, ain @,......+5- eur osskbe 
By equation (5) 
X, sin «, = X, sin a, 
From equations (3) and (4), if the 
= two diagonals are similar, and the 
~ frame is a parallelogram, 
\ pe Rens US tpt ie tere: (8) 
or the rate change of the stress in 
member J is numerically equal to, but 


e% 


iy 





they are, as a rule, either compara- D 
tively heavy wooden members, or par- 
tially wood and the remainder steel. 
Also let the left-hand side be firmly 
fixed. 

Then under any vertical load P impressed upon the frame 
at a point A, a deformation will occur which produces a change 
in the lengths of members J and JJ, and consequently a re- 
sultant stress. The problem is to determine the relation 


between the stresses in J and IJ and the load P, expressed in 
such a form that the stresses may be computed. 


In the following analysis, let 


(-+-) = tensile stress and strain. 
(—)= compression stress and strain. 
S,’ = initial stress in member J. 
8,” = “9 tt Siig = II. 
1.’ = length of J corresponding to S,’. 
LL” = II ” "2. 
E = Modulus of elasticity of the material. 
A = Area of member in square inches. 


S = Stress in J or II due to load P. 
T = Total stress in member J or JI. 
1 = Length of member under stress S. 
The length J of either of the two diagonals (which we shall 
assume to be cables incapable of supporting a resultant com- 
pressive stress) for any stress S, may be expressed by the two 











equations: 
S_1,’ 
L=— aha Gt Pee DIAL AP rete 1) 
1” £.A, Th ( 
aie 
lL, = — 2 yf RIES Sede eres 2 
a (2) 
The deformation or strain of the member is 
ra dy 
zx = l —~{’) == Lo Ee ee ee 3 
core “i EA, (3) 
fe a Bi” 
pe ( ee OPT E ETT ETT (4) 





LA, 





Fig. 1 


opposite in sign to the rate change of 
4 the stress in member JJ, both being 
due to a change in the load P. 
The above equations afford a phys- 
pP _ ical idea of the stress action involved 
in a change of the load P, but as yet 
we have developed no explicit relation 
between P and the stress in either diagonal. The next step 
will be to determine expressions by which the exact stress in 
either member may be computed. 
We know that the sum of the vertical components of the 
induced stress in the diagonals must equal the vertical load 
P, so 








P= §, sing, 8, Sin @,...<..ccccees (9) 
dP = dS, sin a, + dS,sin a,.........04- (10) 
E,A 
iS, = dz, —— 
C i C L, hy 
EZ 
dS, = dz, ——s 
= - l, 


Hence 








EA hg 
iP = dS, sin «, (\ ——"- = Op ere 11) 
( aos, 81n &, rn 1." + ( 
aes EA, i,” . 
aP = 48, ane, ah + 1} aereoee (12) 
Integrating and solving for S, 
Ss == = e a a a ae ee ee (13) 
(Hex. f 4+1)sinal 
E,A, l,’ 
P 
S,= Tr an mem TO SS (14) 
=n, + 1) in @ 
mot a sin a. 
E, 4. t* 2 
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The total stress 7 in either diagonal under the load P and 
subjected to an initial stress S, will be 
T. == S, 8, 


i ceacsaeds (16) 


If the load P is vertically upward, then S, will be a com- 
pressive stress as long as IJ is capable of developing compres- 
sion, and consequently, when S, = S,’,7, will be zero. Member 
I is eapable of developing tensile stress up to its breaking 
point, and thus when the load P becomes such that J/ is in- 
active, J will assume the entire load. 


Example 


A constantly recurring case in practice is when 


8’ = §.” 
1 = 1,” 
a=. 
E=E 
A, =A, 
The panel shear along the line of action of the load P will 
be 
P = T, sin a, — T, sin «, 


= (T,—T,) sna = 2KP 
where K is a constant, 


K = ly 
Therefore 
T,sinal=S,' sinal-+W%P 
T,sina2= 8," sin2 2+ %P 


For values of P above 2 S, sin 2, 

T,=0, and P=T 

The values of 7, sin 2, and 7, sin 2, are shown graphically 
in Figure 2. 


, sin a 1 





ad thie! Stress L10e 





PANEL SHEAR D/ISTA/BUTION 
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LOAD FP 


2G, SIH 


FG. 2 


It will be noticed that the included ordinate between J and 
II equals the load P until JJ becomes inactive; also that the 
stress in J inereases at the same rate that the stress in JJ de- 
creases, until P = 2S, sin «,; it then inereases at twice its 
former rate. 


Illustration of Computations Based on the Foregoing Theory 

A ease which frequently arises is that in which there are two 
redundant members. (Figure 3.) 

Suppose the line ECD is fixed in position, members 7 and 
II are tension members, and J/7 may develop either tension or 
compression. Also let us make the same assumption here as 
previously, that the longitudinal and vertical members develop 
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no strains under the load, which are comparable with the 
strains in J, JZ and III. 

In addition to this, let there be an initial tension of 2000 lb. 
in both J and JJ, and no initial stress in III, but let there be a 
play along the line of action of III of 4” at the joints. 


Cc 8 





a, 2 A 











The notation will be the same as before, except where the 


meaning is obvious. 


E E E 30,000,000 Ib. /sq. in. 
A 124” 
= 124” 
saa 98” 


[. To determine the load P necessary to remove the initial 
stress in //. 

When the load P is applied, the absolute value of the stress 
in J will be increased, and reduced in JJ. 


7 S.+S.”, or S. = — 2000 Ib. 

S]’ 

X 0000841 S, 
EA : 
oe hg P ms s 

xX .00003741 S, = .07482” 

: ELA . 
Since X X., and sin a, = sina, = 77 
07482 . 

S - 890 lb. tension 

0000841 
7 2000 + 890 2890 lb. tension in Member 7 when IJ 


becomes inactive. 
Since J is taking the entire vertical load at this point, 
P 2890 ~ 2245 |b. 


II. Load necessary to bring JJ into action. 


sin %, 


We have assumed that there shall be a play in the joints of 
III equal to 4”, the vertical component of which is 
0795” 


ad, =@ 125 sin 2, = 


The actual vertical deflection of A and B for a load of 
2245 Ib. is 
d, = d, = .07482 X .777 = .0582” 

which indicates that member 7 must absorb another increment 
of load before III becomes active; it must act alone until the 
deflection of A and B is .0795”, or an additional deflection of 
0213” 

X,’ = .0000841 S,’ 

.0274 


6000841 


S/= = 326 lb. tension. 
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The tension in member 7 is now 7,’ =2890 +- 326 = 3216 Ib., 


and since J is the only member acting, the corresponding 
vertical load is 
P! = 3216 X .777 = 2500 lb. 
III. Tension in J and J// at final load. 
From this point of loading, members J and J/I will act to- 





gether. The two equations expressing S, and S, are, by a 
process similar to that used before, 
P 
5 = ae | mn 
( > 41) sina, 
EA, 1, 
P 


< MT +1) sina, 

These equations sale: to 
8S. = PX 179 
S. PSX<1.354 

If we are working to a factor of safety of 5, and one normal 
load P = 1445 Ib., ‘then the total applied load is 

P; = 5P = 7225 lb. 

But we have already applied 2 2500 lb. to the structure to 
remove the initial stress in IJ, and to deflect it sufficiently to 
bring JI into play. 

Hence the additional load to be applied is 7225 — 2500 = 


4725 lb. 


Sinee sin a, = .636 


and sin , = .777 
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Then 
S, = 4725 179 = 845lb. 
S, = 4725 & 1.354 = 6400 lb. 
The total stress in I i 


T,.= 3216 + 845 = 4061 lb. 
and in I/II, 
T, = 6400 lb. 
As a check, 
T, sin a, + 7, sin «, should equal 7225 lb. 
Actually 
4061 XX .777 + 6400  .636 = 3154 + 4070 = 7224 lb. 


Summary 


1, Equations have been developed for the calculation of load 
stresses in diagonal tension braces when an initial tension is 
present. 

An example of the action when the diagonals are similar. 

3. Illustration of the stress caleulation for two redundant 
members, with initial tension in two of them. 

It is hoped by the writer that this discussion, while of neces- 
sity very brief and in which many interesting points had to 
be omitted, will prove to be of some value in the theory and 
practice of airplane design. 

Note.—It has been convenient to use the term “stress” 
indiseriminately when referring to “force” and “ foree per 
unit area,” since the meaning is obvious from the text. 





The Benz Aluminum Pistons’ 


A 230-hp. Benz engine, No. 31,560, taken from the Aviatik 
biplane, G. 130, captured on Feb. 12, 1918, was found to be 
fitted with aluminum pistons. As these are the first aluminum 
pistons to be found in a captured enemy aero engine in 
service, a detailed report of their design, together with a 
chemical analysis of the alloy, should be of interest. The 
pistons weigh 4 Ib. 84% oz. each, without rings, which weigh 
1.5 oz. each. The total weight of the complete piston, with 
rings and gudgeon pin set screw, is 4 lb. 144% oz., as compared 
with the standard cast-iron piston, which weighs 6 lb. 111% oz. 
The gudgeon pins and connecting-rods are of standard Benz 
design, as also is the rest of the engine to which these pistons 
were fitted. The design of the standard cast-iron Benz piston, 
which is fitted with a conical steel support, riveted to the 
inside of the piston crown, and which bears upon the center 
portion of the gudgeon pin through a slot eut in the connect- 
ing-rod small end, is well known. 

Unlike the standard cast-iron piston, the domed head of the 
sand-cast aluminum piston is supported and strengthened by 
eight webs radiating from a central boss in the piston crown. 
The formation and shape of the webs is clearly shown in the 
accompanying drawings of the piston. 

Three cast-iron rings are fitted above the gudgeon pin, and 
one scraper ring is provided below the gudgeon pin. Ali rings 
are concentric and are machine hammered on the inside. It 
will be noticed that the rings are all exceptionally deep in 
section, being 5.25 mm. deep and only 3 mm. wide vertically. 
The piston ring gap measured in position in a standard 230- hp. 
eylinder was found to be exceptionally wide, i. e., 1.9 mm. The 
gudgeon pin bosses are fitted with steel bushes 2 mm. thick, 
which are east into the bosses in the usual way. The gudgeon 
pins are .38 mm. diameter, and the gudgeon pin bosses are 65 
mm. diameter. The method of fixing the gudgeon pin by a 
hexagon-headed set serew and split pin is standard Benz 
practice. 

An annular semi-circular groove 4.5 radius is machined on 
the bottom lip-of the piston, as shown in the section drawing, 
and the inside of the skirt is machined inside up as far as the 
reinforcing rib of the scraper ring directly below the gudgeon 
pin. 

The chemical composition of the alloy from a metallurgical 
analysis carried out at R. A. E. is as follows: copper per cent, 
6.02; zine per cent, 12.13; iron per cent, 1.42; silicon, 0.31; 


report by the Technical Department, Aircraft Production, 


Britinh Ministry of Munitions. 








tin per ceut, nil; nickel per cent, nil; managanese per cent, 


trace; magnesium per cent, trace. 

As the engine from which these pistons were taken was 
found to be too badly damaged to carry out a test, it has been 
impossible to ascertain the increased relative efficiency 
30-hp. Benz. 
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this engine and the standard 2: The compression 
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ScaLE DRAWINGS OF THE BENZ ALUMINUM PISTON 


ratio, however, is apparently slightly higher in the engines 
fitted with the aluminum pistons, and the distance between the 
top of the piston and the central axis of the gudgeon pin is 
increased from 70 mm. to 71 mm., which gives approximately 
16.51 eu. em. less in the clearance volume of each cylinder in 
engines fitted with these aluminum pistons, which gives a 
compression ratio of 5 


to 1 instead of 4.94 to 1. 



















Some Outstanding Problems in Aeronautics’ 


By Dr. W. F. Durand 





Chairman of the U. S. Advisory Committee for Aeronautics 


Ten years ago the airplane was a curiosity—a means where- 
with, by a tour de force, a man might lift himself from the 
ground and make a hazardous flight through quiet air—a 
means to attract curious crowds to fenced-in country fair 
grounds to witness the marvel of a body heavier than air 
actually rising from the ground and moving under some meas- 
ure of control through the air, and returning safely to its 
starting point. 

What the airplane has become in this short but poignant 
decade of the world’s history, and what it stands for to-day, 
this audience knows too well to need specification in detail. 

It is perhaps well within the limits of conservation to say 
that no achievement of man’s inventive and constructive 
genius has undergone more intensive, more rapid, or more 
potentially significant development than has that of flying 
with an apparatus heavier than the air in which it moves. 

It may be further noted that perhaps no technical and con- 
structive achievement of man has ever called more largely on 
science and on the aid of scientific research to aid in the solu- 
tion of the many problems which have presented themselves 
in the course of this astonishing development in aerial navi- 
gation which the past decade has witnessed. 

In the cireumstances which have determined the direction 
and character of the development of the airplane during this 
decade, and especially in those which have been controlling 
during the past three or four years, it is only to be expected 
that at the present moment we should find ourselves with many 
partly solved problems on our hands, with others which we 
have hardly more than begun to attack on the outskirt, and 
confronted by others still, the character and significance ol 
which we have hardly begun as yet to apprehend. 

On the present occasion we may find it not without interest 
to pass briefly in review some of these problems, noting their 
present status, together with such indications as may in some 
cases serve to point the way toward a possible solution. 

The Problem of Constructive Materials 

Perhaps nowhere is there to be found a better illustration 
of the interdependence of technical and scientific research and 
study than in the manifold advances in various technical and 
scientific lines which conjointly have made the airplane in its 
present form a structural possibility. 

Broadly, the modern airplane comprises a body of some 
sort or form fitted with wings to provide the supporting sur- 
faces, with a prime mover or source of power and with a 
propeller of some type to transform the power provided by 
the prime mover into propulsive work, and by the reaction 
of the relative air stream on the under side of the wings to 
secure the sustaining or lifting force necessary to carry the 
weight. This construction calls for a wide range of con- 
structive materials. Thus the body and wings, comprising 
the airplane proper, require the following fairly distinct classes 
of structural elements: 

(1) Those intended primarily to give form, strength and 
coherence to the structure. They represent in effect 
the skeleton or foundation on which the entire fune- 
tion of the airplane as such must depend. 

(2) Various secondary elements intended so to tie or 
connect the principal members together as to secure 
homogeneity of structure as a whole, and mutually 
responsive action on the part of the different elements 
comprised under No. 1. The elements here considered 
are those which, from a purely structural view- 
point, may be classed as struts and ties or tension 
members. 

(3) Surface covering for the body and wings. 
outer form and continuity of surface and provides 
furthermore the actual surfaces on which the air- 
lifting and supporting forces may act. 

Broadly speaking, the fundamental problem in all airplane 
construction is adequate strength or function on minimum 


This gives 


* The Sixth Wilbur Wright Memorial Lecture, read before the Royal 
Aeronautical Society. : 





g In no other form of engineering construction is the 
necessity for weight saving so rigorous. In a very real sense 
every ounce of material entering into the structure must be 
able to show a competent passport. The structural problem 
of the airplane is therefore one of strength in relation to 
weight. For the main elements comprising the skeleton of 
the structure wood has, thus far, held the main place, with 
metal construction steadily attracting more and more interest 
and assuming a place of growing importance, at least in the 
study of new designs. 

It is not necessary to our present purpose that we should 
consider in detail present practice in airplane construction. 
The trend of development since the earliest days of the art 
has tended to show that wood construction under suitable 
safeguard was able to provide the easiest and, on the whole, 
the most satisfactory solution of the many problems and 
requirements which airplane construction presents, and so 
we have been content, for the most part, with this type of 
construction. 

We may, however, be well assured that however good may 
be any solution that we may reach of the many problems pre- 
sented to us in the industrial arts, there are, as a matter of 
fact, series of better ones only awaiting our patient study. 
This is indeed a fundamental truth of which we should never 
lose sight. _We may be, for the moment, satisfied with our 
solution of a problem in technical industry; we may be able 
to see nothing better, and yet we may be well assured that, 
as a simple matter of fact, there is something better. This is 
a perfectly safe assertion, if only as based on the law of 
probability of our having, at any given time, reached the 
final optimum possible combination capable of furnishing a 
solution of the problem. 

Thus, as applied to the problem of constructing the frame- 
work of the body of an airplane or of combining together 
wing spars and ribs in such a manner as to form a wing 
skeleton, we may be sure, however good our present practice 
may be and however satisfactory it may seem, that in reality 
it is not the best, and that long series of better solutions only 
await our intelligent and patient study. 

In this and in all such problems there are always two fairly 
distinct though inter-related parts. 

(a) What materials are best suited to the purpose in 


weight, 


view. 
(b) What disposition shall be made of the materials 
adopted. 


Thus, in the ease of the body, granting wood material be 
adopted, there remains the question as to the very best dis- 
tribution of such material as between the main longitudinal 
elements, or longerons, and the intermediate elements; also 
as to the extent to which reliance may be placed on the outer 
covering, especially if of ply-wood. What airplane designer 
ean feel sure that, even with given materials, he has reached 
the optimum distribution of funetion as between the main 
and secondary elements of the body and of a ply-wood outer 
covering ? 

Much less, what airplane designer can feel any confidence in 
having now reached an optimum combination, once we admit 
the possibility of metal construction, or of some combination 
of metal and wood, with all the possibilities of the new light 
metal alloys and of the new alloy steels with their astonishing 
physical characteristies? 

So far as conditioned by the application of the ordinary 
loading tests, statie in character, and aside from the possible 
results of dynamic attack, shock, long continued vibration, ete., 
we may perhaps frankly admit that the present state of met- 
allurgy is able to supply us with material, either in the way 
of light aluminum alloys or special steel alloys, which, if prop- 
erly used, will enable us to meet all such statie tests in air- 
plane construction, and on even terms or better as regards 
plane construction, and on even terms or better as regards 

If such is the ease, it certainly stands before us as a prob- 
lem for the near future to pass in review most thoroughly 
the entire range of constructive materials, metallic as well as 
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wood, and to determine, in the light of the experience which 
we are so rapidly accumulating during these days of storm 
and stress in military aeronautics, the combinations of mate- 
rials which may serve to give the most efficient service on the 
minimum of weight. 

In connection with this search for new and better materials 
must go hand in hand search for better modes of combination 
in the structure—in other words, better structural design. It 
goes without saying that the best general type of design, in 
the way of the distribution of materials, forms and propor- 
tions of members, ete., will vary with the class of material 
employed. There must be some optimum design with wood. 
There will likewise be another and undoubtedly a different 
optimum design in the case of steel, and again different in 
the case of aluminum or other alloys. Thus the search for the 
best final combition is a search for an optimum optimorum; 
for the best possible material and for the best possible design 
using such material. 

What order of having may be looked for in the near future 
from any such search it is, of course, idle to predict. Could 
we, however, approach somewhat closely to the best use of 
the best combination of materials even now available in the 
field of engineering construction and without waiting for new 
and superior materials which the metallurgical art will doubt- 
less be able to furnish, it seems not unreasonable to anticipate 
the possibility of a marked saving in weight without loss in 
strength or security. 

This, then, stands out as one of the great problems of aero- 
nautical engineering: that of the best materials and of their 
best use. Much has already been done, but much yet remains. 
and rich rewards most assuredly await patient well-directed 
work in this field. 

The Problem of Size 


One of the most interesting of the problems presented to the 
aeronautical engineer is that of limiting size and carrying 
capacity of airplanes. Is there such a limit? If so, what is 
it? Why is it? And how may it be removed or extended? 

In dealing with this problem we come, of necessity, into 
contact with the laws of similitude of geometrically similar 
structures. It is well known that under simple modes of load- 
ing geometrically similar structures of wing and body will 
have similar factors of safety under equal limit loads. But 
for such structures, if strictly similar geometrically, the 
weights themselves will increase as the cubes of the similar 
dimensions, while the areas of wing or supporting surface will 
only inerease as the square, and hence the ratio of weight to 
area will continuously inerease as the linear dimension. 

In these cireumstances it is readily shown that, in accord- 
ance with the relation of the factors involved, there will be, 
for any given speed, some size for which the lifting capacity 
over and above the structure itself will be a maximum and 
above which the lifting capacity over and above the structure 
will become less and less with increase in size, gradually reach- 
ing zero for some value of the size of the structure. This 
would mean that at such point the su yporting force developed 
at the speed in question would be jus enough to lift the strue- 
—s itself from the ground, but with no reserve for additional 
oad. 

This is, of course, a definite law derived from well-known 
principles of geometry and calculus, and, if it were the whole 
story, it would indeed tend to raise an insuperable bar before 
continued expansion in size. If such were the case it would 
mean in effect that inerease in lifting capacity could only be 
reached by the following measures: 

(1) Reducing to a minimum the relation of weight of struc- 
ture to area. That is, general improvement in the pro- 
gram of design and reduction of weight of structure in 
relation to supporting surface. 

(2) Reducing to a minimum the resistance of the plane at 
the given speed and likewise the relation of weight to 
horsepower. 

(3) Raising to a maximum the relation of lifting force to 
area, consistent, however, with the decrease of the total 
propulsive resistance of the plane. 

Were we indeed subject, without recourse, to the operation 
of this law of mechanics and geometry we should be in a sorry 
State regarding the future development of the airplane as 
regards size and carrying capacity. We should be limited 
strictly within the bounds of the developments made possible 
by improvements and advances along the lines as indicated 
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above. But, fortunately for the future of aerial navigation, 
we are not so limited, and there seems no reason why, at the 
present time at least, we should need to anticipate any special 
limit as necessarily imposed on airplane construction, as re- 
gards either size or carrying capacity. 

We are able to escape from the consequences of this law due 
to two facts. 

(1) It is not necessary that a large element of an airplane, 
a wing in particular, should be geometrically similar in struc- 
tural characteristics to a small one. For a certain size the 
structural elements will partake of certain characteristics. As 
the over-all size increases, these elements may take on new 
characteristics. Those which had been solid may now become 
hollow or of lattice or built up form. The law of. geometrical 
similitude will not hold and the weight will not necessarily in- 
crease in ratio with the cube of the over-all linear dimensions. 

(2) It is by no means necessary that a large airplane shall 
be, in its general form, a geometrical copy of a small one. 
While both will have similar elements, such elements need not 
be the same in number or arrangement. In fact one of the 
most obvious of means for increasing lifting power is to in- 
crease the number of the wings or lifting elements. There is 
no reason, at least structurally, why wings and connecting 
elements should not be increased in number beyond anything 
now in use or even considered—increased to a point which 
would give a size and lifting power great enough to meet any 
demands which we can now formulate or which the future 
seems likely to present. 

Structurally, therefore, the problem of increased size pre- 
sents three problems, as follows: 

(1) The structural problem of so developing the character 
of the elements of airplane construction such as wing 
spars, longerons, struts, ribs, ete., that with increase in 
over-all dimension the weight shall not increase sensibly 
faster than as the square of such dimension. 

(2) The structural problem of combining the larger elements 
of airplane construction such as wings, bodies, or en- 
gine nacelles with their connecting structures, in such 
manner as to secure, for a given wing area, the minimum 
weight of secondary structure. 

(3) The aerodynamic problem of combining multiple wing 
elements in such manner as to reduce to a minimum the 
interference of one with another. This is a problem 
which opens fascinating possibilities to the student of 
experimental aerodynamics—a problem on which al- 
ready some beginnings have been made, but one far 
from a final or as yet wholly satisfactory solution, and 
one on which the future development of greatly in- 
creased size and carrying capacity seems destined to 
largely depend. 

In short, then, so far as inerease in size is concerned, there 
seems no reason to apprehend any particular limit, or any 
serious difficulty on the part of the scientist and the engineer 
in meeting the demands of the future in these respects. The 
difficulties seem no greater than those which have been over- 
come in the ease of ocean shipping as shown by the continuous 
development from the early beginning of the application of 
engine power to ocean navigation during the first half of the 
last century down to the mammoth floating structures of the 
present time; and if we may take any indication from the ac- 
celerated rate of progress which has characterized the entire 
history of aerial navigation, we may feel confident that we 
shall not have to wait a half or three-quarters of a century for 
a parallel development in the latter field. , 

Variable Wing Area or Variable Wing Camber 


To mention only one of the many remaining problems which 
are connected with the design and construction of the airplane 
itself, a word may be said with regard to the problem of varia- 
ble wing area. Broadly speaking, the ideal airplane should be 
able to change its wing area in accordance with the conditions 
and cireumstanees of flight. For ease in getting off the ground 
at a moderate speed, for ease in landing likewise at a moderate 
or low speed, there is need of a relatively large area of wing or 
supporting surface. For the attainment of high speed, re- 
duced wing areas are needed, and are furthermore sufficient for 
the support of the weight at such high speeds. The supporting 
force gained by a given form of airplane wing depends on the 
area, the speed, and the angle of attack, and there will be 
some combination best for each set of conditions. To meet 
these conditions, varying from time to time throughout the 
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course of a flight, a correlative variation in wing area is 
needed. 

To some extent the same ends may be met by changing the 
eamber or curvature and form of the fore and aft section ol 
the wing. 

Thus, when the camber or fore and aft curvature is in- 
creased, the form will be more suitable for landing at a re- 
duced speed, while with curve flattened and camber reduced 
the form will more readily favor the attainment of relatively 
high speed. 

The problem of an adjustable wing, either as to extent of 
area or camber or both, is a favorite one with students of aero- 
nauties, and we may hope for some measure of useful and 
practical solution. Thus far, of the many devices and forms 
proposed, none has so far fully justified itself as an altogether 
satisfactory and practical solution of the problem. 

Motive Power 

Passing now to the motive power and its application to the 
propulsion of the airplane, a most interesting and important 
series of problems challenges our attention. Only the more im- 
portant can be noted here. 

One of the most important of these is that of fuel. What is 
to be the future fuel for the airplane, or for aerial navigation 
in its wider aspects? How long will our stores of erude 
petroleum oil from which we now obtain our gasoline or es 
sence of petrol, as it is variously termed, continue to furnish 
this all-important element in the present program of power 
development? Doubtless there are large stores of petroleum 
oils yet undiscovered, but we may safely assume that we are 


using up a supply in the nature of a bank deposit. We ar 
using our principal and not living on the interest. So far as 
we know, Nature is not now engaged in making for us 


petroleum oils, certainly not in any proportion to our rate of 
expenditure. To such a general program of consumption, 
there is, of course, but one end, ultimate exhaustion. This is, 
of course, only one phase of the overshadowing menace which 
the modern social and industrial world must face some time 
when our present supply of carbon and hydrocarbon fuels be 
gins to become exhausted, unless indeed we develop or discover 
in the meantime some other source of energy which will ade 
quately take their place. This is perhaps a question which 
need not seriously concern the present generation, but when we 
take a long look ahead—a look, for example, as that covered 
by the development of Europe from the days of the Caesars 
or even from the time of, say, Galileo—we may realize with 
startling emphasis the need of foresight with regard to a 
source of energy adequate to the world’s demands. Various 
ages have designated bronze, ete. The 
present might: well be designated as that of natural energy. 
Our entire civilization, in a material sense, rests upon the 
utilization of sources of natural energy which are not inex- 
haustible and which are, in fact, becoming exhausted, in some 
cases, with menacing rapidity. In the meantime we must, and 
presumably we shall, make some shift to tap efficiently other 
sources now known, or we may haply discover sources which 
to-day lie beyond our present vision. 

A long look ahead for aerial navigation therefore shows that 
if the present line of development is to continue, there will be 
a serious problem to be met sometime, and that perhaps be- 
fore many decades—the problem of a fuel suited to the needs 

_of aeronautical prime movers, at a time when present petro- 
leum sourees will no longer yield the supply which we now ac- 
cept and use with so little thought for the morrow. 

But with regard to the question of fuels, we need not go so 
far afield as to look into the coming decades for interesting and 
important problems. Perhaps the one pressing for 
present solution is the question of what is the best fuel for 
the modern aviation engine, having in view the three require 
ments—power, economy, with reliability and durability. Out 
of the exigencies of the present war have come many serious 
and extended researches relating to the problems of military 
aviation, and of these none is perhaps of greater significance 
regarding the future of commercial aviation than the studies 
which have been made regarding aviation fuels. While mat- 
ters relating to the problems of military aeronautics must be 
spoken of with much reserve, it will perhaps be permissible to 
say before this audience that from these studies three principal 
results seem to have been rather definitely established. These 
are: , 

(a) As between the various grades of aviation engine fuels 
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most 


AVIATION 


August 15, 1918 





which have been used during recent years, and com- 
prising a rather wide range of composition and of 
physical and technical characteristics, there is but little 
to choose from the standpoint of power or economy 
alone. This assumes, of course, that the fuel is a 
genuine motor fuel and the results regarding power or 
economy relate to an assumed period of effective opera- 
tion under such fuel. It must not, however, be assumed 
that there are no differences in power or economy trace- 
able to the fuel employed, for such is far from being the 
ease. It is, however, within the limits of reasonable 
statement to say that such differences are relatively 
small and in most cireumstances would not, of them- 
selves, constitute a determining or controlling factor. 
As between such engine fuels marked differences do 
seem to be indicated as regards their influence on the 
life and reliability of the engine, especially on long time 
tests, or in actual service on long time flights. 

For the various fuels, in order to realize the best results 
either as regards power, economy, or life and reliability, 
special and individual carburetor adjustments are neces- 
sary, and such as can only be determined by trial under 
actual working conditions. 

It may perhaps be further said that the problem of an ex- 
cellent and reliable engine fuel for aviation purposes seems to 
have been satisfactorily solved. Its specifications and range of 
characteristics, physical and chemical, are pretty well estab- 
lished, and so long as our source of motor fuel supply is to be 
found in petroleum derivatives, we seem to have reached a 
reasonably satisfactory determination of the best combination 
of such derivatives for the various requirements of aviation 
service. These characteristics, which must be considered as a 
part of the great body of military information, and which ean- 
not for the moment be put down in plain print, we may hope 
will, in due time, become available in the arts of peace and fo: 
the development of commercial aviation in its various fields of 


(b) 


promise. 

With the problem of fuel that of the prime mover or engine 
is closely related. Is the present type of engine to continue, 
or is it only a passing stage to some more perfect form? This 
is a question, interesting indeed for speculation, but hardly to 
be considered in comparison with actual present moment 
problems. The present engine and its application to the 
propulsion of the airplane does, furthermore, present no lack 
of interesting and important problems, and among these a few 
of the more pressing may here be noted. 

First, the problem of gross power. How much power can we 
put in an airplane or airship of no matter what type or form? 
This divides immediately into three subsidiary problems as 
follows: 

(1) How much power from a single cylinder? 

(2) How many eylinders for a single engine? 

(3) How many engines for a single aircraft? 

In the way of power per cylinder we are now reaching clos* 
about 40 hp. as a maximum. 

In the way of cylinders per engine we have reached a stage 
of development where the 12-cylinder engine is quite a stand- 
ard type, and higher numbers such as 16 and 18 represent only 
questions of detail. It is not too much to say that the 600 hp. 
engine is quite within the reach of present practice and may be 
realized as called for. We have long sinee become aceustomed 
to two and three engines on a single plane and are now seeing 
four engines in various recent designs. It is therefore clear 
that if a power plant of 2,500 hp. on a single structure is 
wanted, it is quite within the scope of present practice to 
realize and provide such a plant. 

And if four engines of 500 or 600 hp. each, there is no 
reason why the number may not be increased, at least to a 
point beyond the present apparent need for power on a single 
structure. 

On the other hand, it must be admitted that, having in view 
the limitations of present practice, the most simple and in fact 
the only reliable way of extending power is by a multiplication 
of the number of cylinders rather than by an increase in the 
size of the latter. The fact that a 2,000 hp. equipment would: 
presumably require from 40 to 60 cylinders shows the formid- 
able degree of multiplication of small elements required to 
realize such a result. The real problem of size or capacity of 
engine is therefore one of power in a single cylinder. What 


ean be expected in this direction, and in what way shall seareh 
be directed ? ° 
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The present limitation arises largely as a matter of cooling, 
and it is in this direction that search may well be made for 
ways and means of effectively increasing the power capacity 
of a single cylinder in an engine of the aviation type. This is 
a problem which is distinctly outstanding and well worth our 
serious attention and study. 

Another problem connected with the engine is that of the 
carburetor. At the start of aeronautic engineering the carbur- 
tor naturally took its initial form and arrangement from the 
already fairly well developed automobile engine carburetor. 
This was but natural since both engines are of the same type 
and both use the same general form of fuel. In respect of 
the conditions of operation, however, there is a marked and 
important difference. The automobile operates at or near a 
fixed level and hence in an atmospheric medium of sensibly 
fixed pressure and density. With the airplane the case is very 
different. The latter may change its level by thousands of feet 
in a few minutes or even seconds, as in vertical or nearly 
vertical dives, rapid spirals, ete. This difference in the condi- 
tions of operation introduces a factor of distinct significance 
and of great importance in the design and disposition of the 
earbureter. Experience in the air has clearly shown the im- 
portance of this new factor, and it is not too much to say that 
the problem of the entirely satisfactory carburetor, capable 
of automatically answering to the various atmospheric condi- 
tions under which it must work, is distinctly an outstanding 
problem. It is true that much progress has been made, and 
as the result of laboratory research, checked by actual ex- 
perience in the air, we now know much better than, say two 
years ago, the fundamental conditions which must be met by 
the carburetor for the aeronautical engine. The present solu- 
tion can hardly be considered as final, however, and we may 
fairly admit that the whole problem of carburation, including 
the manifold supply of the carbureted mixture to a multi- 
cylinder engine, should, as soon as may be, receive a thorough 
and fundamental re-study in the light of the information to be 
drawn from the experience of the past three or four years. 

Another problem which we should view as outstanding is 
that of ignition. It is true that ignition, as now realized with 
the best equipment, seems to be fairly reliable and effective. 
Sut the whole program is open to the objection of requiring 
an entire electric power plant of a highly specialized type, to- 
gether with electric conductors and the spark plug for produe- 
ing the spark between the discharge points within the eylinder. 
This ensemble, comprising electric generator or magneto, elec- 
tric cable, distributor for sending the spark with proper timing 
to the various cylinders and spark plug with discharge points 
within the eylinder, represents a very complicated and highly 
specialized device for producing the initial ignition within the 
body of compressed fuel mixture. In its present state it is a 
marvel of scientific and technical development, and it does its 
work; but it is complicated and subject to many possible modes 
of derangement, and, as we all know, has been and is still the 
seat of some of the most serious of the engine difficulties to 
which the power plant as a whole is subject. 

I have never been able to persuade myself that this ex- 
ceedingly complicated and specialized auxiliary equipment was 
to be the final solution of the problem of producing ignition 
in an internal combustion engine. If we can anticipate the 
explosion engine of the vear 1968, assuming that our grand- 
children are still dependent on hydroecarbure fuels at that 
date (and furthermore that they are still available), it would 
seem as though some more direct and simple mode of initiating 
the combustion in the cylinders would have been found. Still, 
otherwise, we may say that on the law of probability the 
chances are overwhelmingly against our having at the present 
moment developed the very best method of ignition. The laws 
of physics and chemistry, by a probability which almost reaches 
certainty, contain some potential combination of factors which 
will permit of eliminating much of the complexity and delicacy 
of adjustment which is so characteristic a feature of the 
present mode. 

_It is perhaps proper to add here that studies in this diree- 
tion have already been made, and with results which offer 
promise of interesting developments in the future. The path 
of perfection is likely to be not a short one, however, and we 
can see no prospect of any development in the to-morrow of 
progress likely to displace electric ignition. There must, how- 
ever, be some better way, and if not to-morrow, then some 
other morrow should see it made available for use. 

he problem of ignition is, then, one which is distinctly out- 
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standing, one which by its importance merits the most careful 
study, and one which at least offers reasonable ground for hope 
of a successful and relatively simple substitute for the present 
mode. 


(To be concluded 





First Aid in Aero Accidents 


An accident to an airplane is so instantaneous, so “ un- 
expected,” as it were, that the only way to ensure arriving on 
time at the scene of the crash is to have everything ready to 
rush to the spot. Time is of the utmost value in such eir- 
cumstances. The aviator may be unable to free himself from 
a burning machine, or he may be pinned under water in a sea- 
plane crash, to mention only two common contingencies in 
which even seconds are of the utmost importance. 

The first essential then is to have a look-out man on duty 
whenever there is flying from an aerodrome. The medical 
officer will, of course, be on duty and in telephonic communica- 
tion with the look-out man. In the Sick Quarters a bed should 
be kept ready made up with plenty of clean (sterilized, for 
choice) towels, and fresh boiled water handy. 

The M. O. or Red Cross orderlies will have always ready 
a medical bag containing -the things most commonly required 
on the seene at a crash. Every medical man has his own choice 
of solutions, ete., but the bag will almost certainly require to 
contain the following: 

(1) Cloth-eutting scissors and a sharp knife. It is much 
better to cut away clothes from an injured part rather than 
to try and undo them. 

(2) Morphine solution, with sterilized “ Record” syringe. 

(3) Chloroform and mask for administering the same. The 
chloroform may be absolutely necessary if the aviator is 
severely burned—the pain of the burns will otherwise in- 
crease the “shock.” Morphine is useful for severe fractures, 
but, of course, it takes about ten to twenty minutes to act. 

(4) Brandy may be needed to combat collapse. It should 
only be given if ordered by the medical officer. The almost 
universal habit the laity have of trying to pour brandy down 
the throat of an unconscious man is not merely useless but 
dangerous. 

(5) Pierie acid, or a pot of dielectrie unguent, for burns. 
The latter is a special preparation of petroleum and heals 
burns extremely quickly if correctly applied. 

(6) Plenty of sterilized first-aid dressings, tourniquet, and 
slings. 

(7) Splints. 

(8) Bottle of sterile water; or, preferably, sterile normal 
saline. 

The orderlies will have on the stretcher crowbars, hammer, 
saw, fire extinguisher, stout knife, wire cutters, ete. All of 
these may not be needed at any one crash, but it is better to 
be sure of having them at hand so that there is no delay in 
extricating the aviator from the wrecked machine. 

In seaplane work a small motorboat should always be on 
the water in readiness to proceed immediately to the scene 
of the aecident—delay is fatal, and a valuable life may be 
wasted while a boat is being launched and started off. In land 
work, either a ear or another airplane, according to the dis- 
tanee to be traversed, should be requisitioned by the medical 
officer and his staff. 

It is much better not to allow other pupils or pilots to help 
at a erash. It is at best a trying sight to see a comrade 
severely hurt or even killed, and although they are not likely 
to realize the effect at the time, it may react unfavorably on 
their nerves afterwards. 

The medical officer at an aerodrome will probably find it 
a help to his own work if he takes the trouble to “ drill” the 
sick-berth.orderlies in their duties and endeavors to encourage 
them to be keen on their work and proud of their respon- 
sibilities —Flying (London). 





Aeronautical Patents 
ISSUED JUNE 25, 1918 
1,270,339—To James S. Shapinhour, Hempstead, N. Y., assignor of on 
half to Sidney F. Beckman, Hempstead, N. Y. Airplane. 
1,270,419—-To Julian H. Kendig, Pittsburgh, Pa. Safety appliance 
for airplanes. 
1,270,601—To August Cross, Jersey City, N.. J. 
construction. 
1,270,649—To James Joseph Murray, New York, N. Y. Airplane con- 


struction. 
1,270,678—To Maxim Zavarkin, East Brimfield, Mass. Balloon. 
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The following report on the design of the new 180 hp. 
Mercedes engine is based on an examination of the engine (No. 
35254) taken from the captured German Albatros. biplane 
D.5.A. (G.97), which was shot down by anti-aircraft fire in 
the 5th Brigade area on November 14, 1917, and the ac- 
companying data on the design of the engine and the particu- 
lars of its general performance, have been compiled from 
results of tests carried out at the Royal Aircraft Factory. 

The 180 hp. Mercedes engine is the first engine of a new 
type to be used in service since the advent of the 260 hp. 
Mercedes engines in the early part of last year. These 260 hp. 
engines were apparently so successful that the 160 hp. type 






Fig. 1. SecrionaL ARRANGEMENT 
has since been remodeled so as to introduce several of the 
leading features of the 260 hp. practice. The result is seen 
in the 180 hp. model, with which this report deals. 

In many respects the design of this new engine is similar to 
the 160 hp. Mercedes, which is now obsolescent.+ The cylinders 
are of the same construction and of the same bore and stroke 
as the 160 hp., that is, 140 mm. x 160 mm., as also are most 
of the reciprocating parts; in fact, this engine might well be 
termed “ The New 160 hp. Mercedes.” 

In comparison with the standard type 160 hp. Mercedes, the 
new engine shows a marked improvement, both in the design 
as a whole and in its general performance during power and 
consumption tests, and as a comparison between the two 
engines the following comparative table of the leading particu- 
lars of the engines is herewith given: 


160 hp. 180 hp. 
i a i ate Bat NS a i oe de 140 mm 140 mm. 
Stroke...... . 160 mm. 160 mm 
nee St ea .. 4.60:1 4.64: 1 
Aver and speed. . + anlbinanl 162.5 at 1400 174 at 1400 
B.M. Pat, Ee er 102.0 at 1400 109.1 at 1400 
Total waloke of engine (dry Mt... cP .. 618 lb. 635 Ib. 
Weight per b.hp.. : i .. 3.80 Ib. 3.65 Ib. 

el consumption per | . 94.2 pints 94.83 pints 





* Report issued by the Technical Department (Aircraft Production), 
Ministry of Munitions, 
t See the Dec. 1, 1917, issue of Aviation. 


tt This weight 
manifold. 


British 


is weight of engiue (dry), excluding propeller hub and exhaust 
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Fuel consumption per b.hp. hr. .58 pints .545 pints 

Oil consumption per hr. 5.0 pints 7.3 pints 

Oil consumption per b.hp. hr. 031 pints -042 pints 

Inlet valve opens. ree 3 T.D.C. 

Inlet valve closes. . ; 35° m 40° L. 

Exhaust valve opens . 63° E. 40° E. 

Exhaust valve closes ak 10° L. 

Ignition timing (fully advance: 30° E. 30° E. 

Delivery of water pump — 41.4 gall. per min, 


Cylinders—The six separate cylinders are exactly the same 
construction as those used in the standard 160 hp. Mercedes 
engines, being built up entirely of steel, with the valve pockets 
serewed and welded into the cylinder heads, and the water 
jackets of pressed sheet steel welded in position. The pistons 


{ 


Pome | 







also follow the standard Mercedes practice and are similar to 
those used in the 160 hp. engines, being constructed with 
concave heads machined from steel forgings, which are serewed 
into the cast-iron skirts of the pistons and welded in position. 

Three rings are provided above the gudgeon pins and one 


ring below, which is situated at the base of the skirt. The 
gudgeon pins are carried in lugs machined in the lower part 
of the steel piston crown. The compression ratio, it will be 
noticed, is slightly higher in the new 180 hp. engines, being 
4.6:1 as compared with 4.5:1. 

Connecting Rods—The H section connecting rods with their 
floating cast iron gudgeon-pin bushes also follow the usual 
Mercedes practice, and are identically the same as those used 
on the 160 hp. engines, and the whole of the camshaft vertical 
driving shaft and also the water and oil pumps driving gear is 
similar to the 260 hp. engines. 

Crankshaft—No alteration has been made to the general 
design of the crankshaft from the standard 160-hp. type. The 
leading dimensions, clearances and method of lubrication of the 
journal and connecting rod bearing are the same, as shown in 
the general arrangement of the engine, Fig. 1. 

Crankcase—The ecrankease, while following the general con- 
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struction of the 160-hp. engines, also resemibles in many ways 
the 260-hp. type. The usual Mercedes practice of casting the 
lower half of the main bearing housings integral with the bot- 
tom half of the base chamber, and also the method of holding 
down the cylinders by long bolts which pass through the base 
chamber top half and secure the two halves of the erank- 
chamber, is adhered to. 

Valve Gear—The single inlet and exhaust valves of each 
cylinder, which work at an angle of 15 deg. to the central axis 
of the cylinder, are interchangeable as in the 160-hp. engines 
and are of similar design; the valve operating gear is, however, 
of new design, and follows more the construction of the valve 
gear on the 260-hp. Mercedes engines. 





Fic. 2. OverHEAD CAMSHAFT AND NEW VALVE Gear, SHOW- 
ING DETACHABLE VALVE ROCKERS AND NEW DESIGN 
or Air Pump 


General details of this construction and working of the valve 
gear shown in the sketch, Fig. 2. 

It will be noticed that the rocker arms and their spindles are 
now integral, being machined from steel forgings. The cam- 
shaft casing is constructed entirely from malleable-iron cast- 
ings, and the valve rocker spindles work in direct contact with 
the malleable iron, no bronze bushes being provided as bearings 
for the rocker arm spindles, and the covers of the camshaft 
casing form the top portion of the rocker spindle bearings. 

The rocker spindles are hollow, and are lubricated through 
two holes drilled radially in the spindles by oil thrown off the 
revolving cams into the two holes drilled in the rocker arm 
carrying the cam roller. 

This design of valve gear is undoubtedly a great improve- 
ment on the arrangement adopted in the 160-hp. Mercedes, 
the rocker arms of which are working through slots in the cam- 
shaft casing, which are provided with felt-packing strips and 
baffle plates for retaining the oil in the camshaft casing. 

Camshaft—The camshaft is of similar design to the 160-hp. 





ae 














Fig. 3. Inter Siwe or ENGINE 
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Mercedes, and the casing is supported on long studs which are 
screwed into the head of each cylinder. 

With regard to the valve timing, this, it will be noticed, is 
different from the standard 160-hp. Mercedes, as shown in the 
comparative list of leading particulars. The valve lift has 
been increased from 0.440 in. on the 160-hp. engines to 0.452 
in. Only very minor differences occur in the actual dimen- 
sional details of the half compression gear in the new engine. 

Carburetors—No alteration has been made in the design of 
the twin-jet dual carburetors. Both carburetors are enclosed 
in a cast aluminum water-jacket, which is coupled at the bot- 
tom by a water-pipe to the delivery pipe of the water-pump 
and at the top to the water-jacket of the rear cylinder to the 
top portion of the water-jacket of the carburetors, as shown 
in Fig. 3. 

Each carburetor feeds three cylinders through a branched 
induction pipe of steel tube, which is lagged with asbestos cord 
and bound with adhesive tape. The throttles are, of course, 
interconnected and are operated by a cable and also by a con- 
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Fic. 4. Section or CARBURETOR 


trol lever and rod. The float chambers are of ordinary design, 
but are fitted with separate filters attached to the bottom of 
each {oat chamber, which are easily detachable. These filters 
are provided with needle-valve drain cocks. No compensating 
arrangement is provided for altitude control. 

The bore of the main jets is 1.473 mm. and the bore of the 
pilot jets .558 mm., which is the same as in the 160-hp. Mer- 
cedes carburetors. A semi-diagrammatiec sectional view of one 
of these carburetors is reproduced in Fig. 4, for reference. 

The air-intake to the carburetors is taken through the pas- 
sage cast in the central portion of the top and bottom halves 
of the base-chamber, which forms an air chamber between the 
front and rear oil pumps in the lower portion of the bottom 
half of the base. Air enters the central air chamber through 
two holes cast in the sides of the chamber and also warm air 
through a large diameter pipe leading from the central portion 
of the top half of the crank-chamber. 

Camshaft Drive—The method of fixing the camshaft driving 
bevel at the top end of the vertical shaft, as shown in the 
sketch, Fig. 5, is unusual. This method is similar to that 
adopted in the 260-hp. engines, and is so designed as to allow 
of a certain amount of vertical adjustment of the bevels. The 
driving end of the vertical shaft is machined and ground 
parallel, 21 mm. diameter, and is fitted with a key, which fits 
in a key-way in the driving bevel; a ground taper on the bot- 
tom extension of the bevel, which is split by four saw-cuts, and 
into which serews a ring nut, locks the bevel securely in posi- 
tion on the vertical driving-shaft. ay 

In the old 160-hp. Mercedes engines the camshaft driving 
bevel on the vertical shaft is fixed by two bolts in the split 
extension of the bevel, which is fitted on to a ground taper on 
the vertical shaft. 
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Referring to the sketch of the vertical shaft, 


rear end of the crankease, and is 
driven off the floating bevel gear on 
the rear end of the crankshaft in 
the usual way. 

Lubrication—The old 160-hp. 
type multiple-plunger oil-pump has 
been replaced by the larger pump, 
similar in design to the 260-hp. 
Mercedes pump. The oil pump is 
attached to the bottom of the rear 
oil sump or reservoir, at the rear 
end of the base chamber. 

The functions of the oil pump are 
perhaps most clearly demonstrated 
in the diagrammatic sectional draw- 
ing, Fig. 6, and in the sectional 
sketch of the pump, Fig. 7. 

Briefly deseribed, the functions of 
the oil-pump and the system of 
lubrication may be sub-divided into 
three circuits. 

(a) The main pressure eireuit, in 
which oil is drawn from the main 
oil sump at the rear of the 
chamber and is forced to the main 
erankshaft journal-bearings and 
connecting-rod bearings, and also to 
the camshaft bearings. 

(b) The supplementary pressure 
system, which works in conjunction 
with the main high-pressure system, 
in which two auxiliary plungers of 
the main oil pump draw a small 
charge of fresh oil from the service oil tank at every stroke of 
the pump and force the charge into the main circulation 
system. 


base 
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(ec) The suction or seavenger circuit, which supplies the 
main oil sump from the auxiliary drain sump at the front end 
»f the base chamber, the working oil level being maintained 
in the rear sump by an auxiliary suction pump, which draws 
off the oil above the oil level through an overflow pipe and 
returns it to the oil tank. 

An oil sight level indicator is provided in the side of the rear 
oil sump. 


Ignition—Two Z.L.6 type Bosch magnetos are fitted at the 
rear end of the engine and are driven directly off the camshaft 
vertical driving-shaft by bevel gears. 

Ignition is by two Bosch 3-point plugs fitted to each eylin- 
der, one on either side of the cylinder below each valve head, 
and the H.T. cables are carried as usual in fiber tubes attached 
to the cylinders. 

The ignition timing is fixed at 30 deg. E., and the speed of 
the magnetos is 1.5 times engine speed. 

Firing order: 1, 5, 3, 6, 2, 4. 


Water Circulation System—The water-pump in the old type 
160-hp. Mercedes engines is situated above magneto drive, and 
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it will be seen 
that the bottom end of the shaft is carried on a “ Skefko ” 
universal bearing, which is mounted 
inside a steel sleeve, carried at the 
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Fig. 7. Secrionan View or Or Pump 
is driven directly off the vertical camshaft driving-shaft. In 


the 180-hp. engine the standard 260-hp. type water-pump has 
been adopted. This is now driven, as in the larger engines, by 
a dog-cluteh off the bottom end of the lower vertical shaft, 
which also drives the oil-pump worm driving-shaft. 

The water-pump spindle is provided with a spring-loaded 
face-washer of steel in place of a gland, and the spindle is 
lubricated by hand by a large serew-down grease lubricator 
accessibly arranged on the pilot’s seat. 


Air Pump—This is of new design, and is now driven off the 












front end of the camshaft, as in the 260-hp. engines. The 
| 
WE FROM LAPT 
GREASE LueResTarn STEEL FACE WASHER 
~ Sots Seat A 
hel 
re <a 
Fig. 8. SecTionAL View OF WATER PUMP 
piston and barrel of the air-pump are made of cast iron, and 
the piston is operated by a small connecting-rod of bronze and 


a double-webbed crank, as shown in the sectional sketch, Fig. 9. 
The air-pump crankshaft is provided with four serrations, 
which fit into the corresponding splines cut on the inside of the 
hollow camshaft. The bore of the pump is 40 mm., and the 
stroke is 40 mm. 
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Air inlet ports are drilled in the lower portion of the pump- 
barrel, and are uncovered by the piston at the bottom of its 
stroke, and the delivery check-valve is situated in the head of 
the pump-barrel. A regulating valve is provided directly 
above the check-valve, the released air escaping through the 
center of the hollow adjusting screw, and also through six small 
holes drilled radially in the screwed: cap which forms the seat- 
ing of the regulating valve. 

A self-contained oil-trap is provided by the gun-metal jacket 
which surrounds the barrel of the air-pump. This is fitted 
with a drain cock, as shown in the sketch. The air-pump piston 
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and crankshaft are lubricated by the excess oil in the camshaft 
easing. 

The main oil-lead from the oil-pump to the hollow camshaft 
is taken through a passage drilled in the erank-chamber of the 
air-pump, the oil entering the camshaft through four 5 mm. 
holes drilled radially in the hollow air-pump crankshaft, which 
register with a groove cut in the inside of its bearing. 


ENGINE Data 


Number and arrangement of cylinders..... ... Six, vertical. separate. 
Bore... .. .. 140 mm, =5.51 in. 
Stroke...... 160 mm. =6.30 in. 
Stroke /bore ratio. . a: k. 
Area of one piston 
Total piston area of engine 
Stroke volume of one cylinder. 
Total stroke volume of engine .. 901.68 cu. in. = 14778 cu. em 
Volume of clearance space . 41.3 cu. in. =676.64 cu. em. 
Compression ratio. Total volume /clearance volume. 4.64: 1. 
Normal b.hp. and speed. . . } es . 174 b.hp. at 1400 r.p.m. 
Piston speed. PA 1470 ft. per min. 
Brake mean pressure..... . .. 109.1 Ib. per sq. in. 
Cu. ins. of stroke volume per b. hp..... . 5.18 cu. in. 
Sq. in. of piston area per b.hp... nr .. 0,823 sq. in. 
B.hp. per cu. ft. of stroke volume. . 334.0 
B.hp. per sq. ft. of piston area....... : 175.0 
Direction of rotation of crank and airscrew.... Anti-clockwise facing airscrew 
Lubrication system. Forced, multiple plunger 
pumps 
7.3 pints =8.21 lb. 
0.642 pint =0.047 lb. 
. 201b. sq. in. 
17 pints 
One dual Mercedes, twin-jet 
0.945 in, =24 mm. 
.. 0.058 in. = 1.472 mm. 
. 0.022 in. =0.559 mm. 
94.83 pints =85.32 lb. 


ee 23.84 sq. in. = 153.9 sq. em. 
143.04 sq. in. =924 sq. em. 
150.28 cu. in. =2463 cu. em. 


Oil consumption per hour....... 

Oil consumption per b.hp. hour... 

Oil pressure...... sa 
Volume of oil carried in base chamber... 
Number and type of carbureters .. 
Diameter of chokes 

Bore of main jets. . 

Bore of pilot jets..... inne 

Fuel consumption per hour....... 

Fuel consumption per b. hp. hour. . 0.545 pint =0.491 Ib. 
Inside diameter of induction pipes . 2.126 ins. =54 mm. 
Number and type of magnetos........ ...... Two, Bosch, Z.L.6 
Firing sequence of engine. . 1, 5, 3, 6, 2, 4 
Ignition timing (fully advanced). 
Speed of magnetos........... 
Inlet valve opens. 
Inlet valve closes. : . 
Diameter of inlet valve (smallest diam.) =d... 
Lift of inlet valve =h...... 

Area of inlet valve opening (7.d.h.) 

Mean gas velocity through iniet. valve. 
Clearance of inlet tappet.. : 

Exhaust valve opens. 

Exhaust valve closes. : . 
Diameter of exhaust valve (smallest diam.) =d 
Lift of exhaust valve =h. . 

Area of exhaust valve opening (7.d.h.)......... 
Clearance of exhaust tappet. ; 

Diameter of inlet and exhaust ports. 

Diameter of water-pump inlet... . . 

Diameter of water-pump outlet......... cesses 
Ratio of water-pump speed to crankshaft speed... . 
Delivery of water-pump at normal speed......... 
Inlet water temperature..............20+e0005: 
Outlet water temperature....... 
Water-jacket caracity of one evlinder............ 





° + 2, Dd, DO, 2, 
30 deg. early 
1.5 engine speed 
Top dead centre 
40 deg. late 
. 2.677 in. =68 mm. 
0.453 in. =11.5 mm. 
. 3.81 sq. in. =24.58 sq. cm. 
153.4 ft. per sec. 
. 0.017 in. =0.432 mm. 
. 40 deg. early 
10 deg. late 
2.677 in. =68 mm. 
.. 0.453 in. =11.5 mm. 
. 3.81 sq. in. = 24.58 sq. cm. 
0.014 in, =0.355 mm. 
. 2.165 in. =55 mm. 
1.692 in. =43 mm. 
1.575 in. =40 mm. 
1.5 sl 
41.4 gall. per min. 
64 deg. Cent. 
. 74 deg. Cent. 
1280 cu. em. 
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GENERAL ANALYSIS OF WEIGHTS 












































| 
; Aver- | Weight Per- 
Description of Part No. age of Com- | centage 
per Unit plete | of Total 
Set Weight Set Weight 
Cylinders (bare)... .....2.56..: Se ite wl 6 19.25 | 115.50 17.5 
Pistons, complete with rings and gudgeon} | 
S| EET See Cee re eee ee A 6 6.85 41.10 6.23 
Connecting rods, with gudgeon pin bushes 6 5.00 30.00 4.55 
Valves, complete with springs, etc...... | 12 1.31 15.74 2.39 
Ot er eine Pare , 1 70.00 70.00 10.60 
COMIGMEE CROIO) og oo os sicccc a vccces ase 1 7.75 7.75 1.17 
Camshaft casing with bearings and covers.. 1 27.63 27.63 4.18 
SO EP Pe eT ae 12 87 10.50 1.59 
Half compression gear (complete)........ 1 7.00 7.00 1.06 
Vertical driving shaft (complete), including 
casing, oil pump, drive, and floating 
OS se EI OY Ra aera a ere Sy 1 17.50 | 17.50 2.66 
Base chambers (top half)............ a 1 72.25 572.2 10.92 
Base chamber (bottom half)............ 1 100.00 | 100.00 15.16 
EES oak ae ...| onedual 16.75 16.75 2.5 
Induction pipes (lagged asbestos)....... 2 5.00 10.00 1.52 
Water pump (complete)........... 1 7.75 7.75 1.17 
Oil pump (complete)................... 1 13.25 | 13.25 2.00 
Air pump (complete).................+-- 1 4.75 4.75 72 
Magnetos (complete).................+-- 2 14.00 28 .00 4.25 
Water piping........... Fence ecilie that ; 3.25 3.25 49 
Propeller hub (complete)..............-. 12.50 12.50 1.90 
Ignition wiring (complete)............... 2 2.00 4.00 .61 
pA SR ree or 1 13.00 | 13.00 1.97 
Miscellaneous parts.............-+2++++: 31.78 | 31.78 4.82 
Total weight of complete engine (dry) (with | 
propeller hub and exhaust manifold)... |660 Ibs. 100.00 
WEIGUTS 
Lb. 
Weight of engine complete, dry, including propeller hub and ex 1aust 
ETRE OE EM Oe ns bu dane paedils< keene 660.0 
We ey es See wagee oss cx gunes Sanches ere 3.79 
I ais sss be cad 0440d0 bah Oetae eae 13.0 
Went OF Gil GRETEOE TO GING. 5 ooo cnc ccc wcare te enseesecesies 19 125 
Weight of fuel and oil per hour..................000055 ey Re EDT» 93.53 
Gross weight of engine in running order, less fuel, oil and tanks, but 
including cooling system, at 0.64 lb. per b.hp............---5.455 773.0 
LS Py ee a ey einer reer 4.44 


Gross weight of engine in running order, with fuel, oil and tanks f> 
six hours. (Tanks at 10 per cent. weight of fuel and oil).......... 


* 1,390.3 
WT, 8 ici a sd ov ck cececade bh eebacascdbaes Mane eed 8.00 


Test Report—The following is a summary of a report of the 
180-hp. Mercedes engine carried out at the Royal Aireraft 
Factory, February 6, 1918. 


The engine was erected on test bed and coupled to a Heenan 
and Froude dynamotor, and power readings taken at. various 
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speeds, simultaneous fuel and oil consumption readings being 
taken. The results of these tests are shown graphically in 
Fig. 10. 


These curves show the following readings: 


Ne cs cy basa chew cde ee. des 4+ eb bd 4 ghee nee 1300 1500 
Re is a eh ards detec Rae ei 4 aus bie eeane ae ante 165 180 
Du inn ce oak peas «> thet ae neeaaen mane 112 105.5 
Fuel consumption in pints per b.hp. hour............... .549 555 
Normal engine speed............ » vaketakdnwd wie 1,400 r.p.m 
pS RS A are ire es rae 174 


.545 pint per b.ph. hr. 


Average fuel consumption........... sno wlth Cee a 
i . .042 pint per b.hp. hr. 


Average oil consumption. . 



















illustrate typical 


The 
examples of recent German airplane construction, which seem 
to warrant more than passing interest on account of certain 
interesting features they embody. 

For the last year or so German airplane constructors have 
applied in steadily increasing numbers veneer to the construe- 


accompanying photographs some 


tion of airplane bodies. In some eases veneer is used in the 
form of plating over a structure of steel tubing or wooden 
frames, as, for instance, on the nose of the A. E. bombers 
and several C-class (general purpose) machines; on other air- 
planes the entire body constitutes a shell of veneer, which may 
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either be built up integrally, or else be built in two halves and 
joined at the top and bottom by longitudinal members. 

The German shell-bodies, whether of the integral or the 
divided type, differ, however, from their prototype, the Dep 
monocoque, which was produced in France some six years ago, 
in that they are internally stiffened by half-a-dozen or more 
transverse partitions, or “ bulkheads,” of veneer, which act as 
distance pieces for the shell, whereas the Dep monocoque dis- 
pensed with any internal bracing. 

Shell bodies were first used by the enemy on the Albatros 
D. I. pursuit biplanes, and apparently proved a success, for 
this type of body construction has since been applied to a great 
number of more recent German airplanes, of both pursuit and 
general purpose types. 

The shell body of a Pfalz pursuit biplane herewith il- 
lustrated shows some of the advantages resulting from this 
type of construction. Principal among these appears to be the 
improved stream-line of the body, a shape which cannot be ob- 
tained of the classical four-rail construction without consider- 
able structural complications in the form of suitable stringers 
and formers, not to speak of the difficulties the proper stretch- 
ing of fabric over a structure of polygonal cross-section en 
tails. It may also be noted that after a certain number of 
flight hours the fabric tends to eave in between stringers and 
formers, thus increasing parasite resistance. 

Another advantage afforded by the shell body is that it may 
withstand much more punishment from machine-gun fire be- 
cause its strength is dependent on a continuous shell, whereas 
the four-rail type of body may have its strength dangerously 
impaired by the destruction of a longitudinal or a few cross- 
struts. 

It seems quite possible, however, that beside the above con- 
siderations another reason prompted the Germans to adopt 
in such a marked degree this type of construction. As =. 
man soil does not grow large quantities of airplane timber of : 
quality comparable to American spruce and ash, it perhaps 


occurred to enemy constructors that the problem of insuring 
an adequate supply of airplanes for the needs of the war 
could only be solved by reducing the great wastage of timber 





which is such a characteristic feature of airplane construction. 

The principle of monocoque construction obviously offer an 
ideal solution in this respect, for it does not entail any wastage 
of timber worth speaking of, since these shells are built up of 
very narrow strips of three-ply wood, suitably glued, and often 














SHELL Bopy or A PFALZ BIPLANE 
Feature Photo Service British Official 
riveted, together. As a rule, the veneer used in the latest 


German shell bodies consists of two crossed layers of three-ply 
wood and an outer covering of fabric, the total thicknesses of 
which is only 1.5 mm. 

An interesting constructional detail may be noticed in the 
illustration of the Pfalz body. This consists in having the 
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underside of the body expand on either side into short wing 
roots, which serve as heads for the attachment of the lower 
A certain amount of parasite, or “ flat plate” resist- 
ance is thereby done away with, while the lift of the lower 
wing is slightly inereased by conforming the underside of 
the body to the curvature of the wing section. 

Another typical instance of German airplane construction 
is afforded by the third accompanying illustration, which shows 
the way in which the tail planes are balanced on most enemy 
machines, the example shown representing the tail planes of a 
Gotha bomber. It seems noteworthy that nearly all German 
machines have balanced elevators, rudde ars, and ailerons, the 
object of which is to facilitate manual control, while on Allied 
airplanes non-balanced flaps are rather the rule. The latter 
arrangement may be preferable for simplicity, but it seems as 
if on very large machines balanced control surfaces would 
somewhat relieve the pilot of the strain of flying. 


wings. 


















(e) Duration of Test.—The passage of hydrogen through 
the fabric being a solubility phenomenon, it may be assumed 
that a certain time must elapse after the fabric is placed in 
contact with hydrogen before the fabric is saturated with hy- 
drogen and reaches its maximum permeability. The inter- 
ferometer lends itself readily to the investigation of this point, 
since readings may be taken at short intervals. 

Care should be taken not to confuse the time required for 
the air-hydrogen mixture to reach equilibrium throughout the 
apparatus with the time required for the fabric to reach equi- 
librium. The larger the air chamber in the cell and the greater 
the volume of the rest of the air system, the longer is the time 
required for the hydrogen given off from the fabrie to reach 
a uniform concentration throughout the apparatus. It was 
with this point in mind that the cells were designed with as 
small gas chambers: as seemed practicable. 

The results of 200 representative determinations were ex- 
amined to ascertain what effect the duration of the test had 
upon the apparent permeability. In making these determina- 
tions, which were mainly of a routine nature, the first reading 
was usually taken 30 minutes after starting the test. Three or 
four readings at intervals of approximately 30 minutes were 
taken in order to determine whether a constant value was 
being reached. These results, together with the experience 
obtained in some 500 other tests, show that the time required 
for the fabric to reach its maximum permeability is almost 
always less than 1 hour and usually less than 30 minutes. 

Other workers have stated that periods of from 3 to 5 hours 
were necessary before the fabric reached its maximum permea- 
bility. Where experiment seemed to indicate this, the time 
was probably required for the air stream itself to reach equi- 
librium and not the fabric. For any apparatus the prelim- 
inary sweeping-out period should be experimentally deter- 
mined. 

It has been noted that in continued testing of the same piece 
from day to day there was usually a gradual decrease in the 
permeability. For example, a certain test piece (No. 52), 
which had an initial permeability of 15.1 liters, showed on the 
3 succeeding days permeabilities of 14.8, 14.6 and 14.4 liters. 
Sometimes the decrease was more rapid; another fabric (test 
No. 518), showed a decrease from 21.4 to 19.2 liters in 5 sue- 
cessive half-hour tests. One very unusual 3-ply fabrie with 
extra heavy rubber coatings consistently showed a large de- 
crease; 1 test piece, for example, changed in permeability 
from 18.9 to 14.5 liters in 8 successive tests on the same day. 
The same test piece changed from 16.4 to 11.3 liters on the 
following day. Four months later another test piece from the 
same sample indicated in 5 successive half-hour tests permea- 
bilities of 17.2, 16.1, 14, 13.6 and 12 liters. However, the 
great majority of fabrics tested give quite consistent and con- 
stant results during the period of test. Using the combustion 
method, where a considerable period of time is necessary for 
each test and usually only one observation is made, the changes 
noted above would usually pass unobserved. 

A similar decrease in permeability is obtained by heating 
the fabric. Test piece No. 52, previously referred to, showed a 
permeability of 14.4 liters at the last test. Without removing 
it from the cell or interrupting the test its temperature was 
raised to 70° C and held at that temperature for 30 minutes. 
On lowering the temperature to 25° again its permeability was 
found to be 10.8 liters, and on the 3 succeeding days it was 
10.9, 10.9 and 11 liters. Another test piece showing an initial 
permeability of 11.7 liters was heated to 50°, held at that tem- 
perature for 30 minutes, and then allowed to cool again, the 
whole process requiring about 3 hours. Its permeability was 
found to have decreased to 8.5 liters. Fabric heated in an 
electric oven before testing and before coming in contact with 
hydrogen showed a similar decrease in permeability, the mag- 
nitude of the effect depending upon the temperature and time 
of heating. Samples exposed to the weather also gradually 
acquire a lower permeability. This, however, is accompanied 
by a hardening process, which eventually leaves the rubber 
film so brittle as to be useless. 
~ * Published by permission of the Director, 
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This variation in the permeability of a rubber film under 
the conditions noted makes it impossible to use one test piece 
in a long. series of experiments and yet secure comparable 
results. New pieces must be used to secure comparable sam- 
ples, and they are subject to any variation due to nonuniform- 
ity of the material. 

In conclusion, it may be said that the permeability of most 
samples remains practically constant during a day’s test. 
Longer testing will probably show a decrease. Occasionally a 
fabric will be met with that shows a very large decrease dur- 
ing the test. Heating a fabric will produce a very appreciable 
decrease in permeability. An explanation of the changes 
oceurring in the rubber which cause the changes in perme- 
ability noted will not be given at this time. 

(f) Rate of Air Flow.—Tests made over an extended period 
with different fabrics and different permeability cells showed 
that, within wide limits, changing the rate of passage of air 
through the cell did not make any significant change in the 
apparent permeability. The air rate in both large (250 em’) 
and small (100 em*) cells was varied from 1 to 3 liters per 
hour; the normal rates were 1.5 and 2.5 liters per hour. The 
tendency toward slightly higher results when the rate was in- 
creased was occasionally noted, but the effect was not consist- 
ently observed; usually any change was well within the acci- 
dental variations in the results. It may be concluded, there- 
fore, that within working limits, differences in the air rate are 
unimportant as affecting the result. It should be noted, how- 
ever, that a uniform’air rate must be maintained during the 
test in order to secure satisfactory results. This is especially 
important where the interferometer is being used, since it is 
assumed that the concentration at the time of obervation is 
the same as during the preceding period when the rate was 
being determined by the meter; this would only be true in case 
the permeability and rate of air flow remained constant. 

(g) Effect of Size and Shape of Cell on Apparent Perme- 
ability.—The size and form of the cell might have an effect on 
the apparent permeability of a fabric being tested in it if the 
cell did not permit uniform circulation of the hydrogen and 
air currents over the entire area of the test piece. If the air 
is not readily swept out of the hydrogen chamber or if the 
hydrogen passing through the fabric is not uniformly removed 
by the air stream, the results with different cells might vary. 
The significant factors of cell design have been examined to 
determine what effect they have upon the apparent perme- 
ability. 

The first point considered in the design of the cell was the 
size of the test piece and the form of the hydrogen and air 
chambers. The method depends of course upon reaching an 
equilibrium condition throughout the system with practically 
pure hydrogen on one side of the fabric and a uniform distri- 
bution throughout the interferometer system of the hydrogen 
passing through the fabric. Therefore, the smaller the volume 
of the gas chambers in the cell, the sooner will this equilibrium 
condition be reached, providing, of course, that the fabrie is 
being penetrated by hydrogen at its maximum rate under the 
given conditions. On the other hand, the area of the test piece 
must be large enough to give sufficient concentration of hydro- 
gen at a suitable air rate for the required accuracy in the inter- 
ferometer reading. 

For most work a test piece having an area of 250 cm°* is 
satisfactory. The construction of the cell adopted as standard 
is shown in Fig. 4. The hydrogen chamber has a depth of 2 
mm; the pressure of hydrogen (30 mm of water) is sufficient 
to keep the fabric from coming in contact with the cell wall. 
The air chamber is 4 mm deep; to prevent the pressure of the 
hydrogen from forcing the fabric against the opposite side 
of the chamber a large-mesh wire screen is placed in the eell. 
Three cells of this type and a fourth exactly similar, except 
that the air chamber is 6 mm deep, are in constant use. Inter- 
comparison shows that all four give practically identical re- 
sults with the same fabric. Equilibrium is reached very 
quickly with a cell of this type. 

A smaller cell having an area of 100 em* and a hydrogen 
chamber 20 mm deep was modified by filling up the hydrogen 
chamber with paraffin until the gas space was only 2 to 3 mm 
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deep. With the original hydrogen chamber of 20 mm depth 

the fabrie did not reach its maximum permeability until sev- 
eral hours after starting the test, even though the rate of 
passage of the hydrogen was several times the normal rate. 
With the hydrogen space restricted a constant permeability 
was reached 30 miuutes after starting the test. 

The cells are normally used in a vertical position. To deter- 
mine whether this had any effect on the result, a cell was oper- 
ated in various other positions. As was to be expected, no 
effect due to position was observed. 

In a similar manner the effect of direction of gas flow was 
tested. With a cell suspended in a vertical position it made no 
difference in the apparent permeability whether the air was 
introduced at the top or at the bottom of the cell. In opera- 
tion it is our practice to introduce the hydrogen into the cell at 
the top and the air at the bottom, on the theory that the cell 
will be swept out more rapidly. It probably makes little, if 
any, difference, however, if the chambers are small and the gas 
eurrent sufficiently rapid. 

To determine what effect the area of the test piece had on 
the apparent permeability, celis of different sizes were con- 
structed. These cells had fabric areas of 50, 100, 250 and 
1000 em.’ 

If the hydrogen which passes through the fabrie is not 
rapidly removed from the surface, the partial pressure of the 
hydrogen might become sufficiently great to lower the apparent 
permeability appreciably. Any such increase of the partial 
pressure of hydrogen at the surface of the fabric is prevented 
by the high rate of diffusion of hydrogen. The accumulation 
of hydrogen in the cell is prevented by the current of air which 
reduces the average concentration of hydrogen in the eell to 
1 per cent or less. For these reasons it is to be e pected that 
the apparent permeability would be independent of the rate 
of air flow and of the area of exposed fabric within rather 
wide limits. 

The results of a series of tests with these cells showed that 
these conelusions were substantially correct. The small (50 
em’) cell gave practically the same apparent permeability as 
the 250 em’* cell, but the results were less concordant. The 
agreement between the 100 and 250 em’ cells was very good. 
With the 1000 em* cell apparently a longer time was required 
to reach equilibrium. 

If the hydrogen is able to penetrate laterally between the 
plies, the effective area of exposed fabric may not be defined 
by the edge of the gas chamber, but may be somewhat larger. 
This edge effect would of course be proportionally greater in 
a small cell than in a large one. No such consistent difference 
was noted. It has been found, however, that where a heavy 
cloth, with its consequently coarser texture, is used in the con- 
struction of the fabric, or where a light cloth is used; but the 
rubber does not penetrate between the threads that such edge 
leakage occurs; the resulting apparent permeability is high, 
depending upon the relation of the area of the margin of the 
test piece to the area of the gas chamber. If the fabric has 
no rubber on one of its outer surfaces the proper application 
of vaseline to the margin will seal the fabric and prevent leak- 
age past the edge. However, if there is a coating of rubber 
on both sides, the vaseline cannot penetrate the rubber and 
seal the fabric. The best way of reducing the error from this 
source in the second case is to reduce the marginal area to a 
minimum and to apply hot vaseline to the edge of the test piece. 

(h) Concentration of Hydrogen.—The tests discussed so 
far were made with hydrogen of approximately 100 per cent 
purity. If the concentration of the hydrogen in contact with 
the fabric be reduced by admixture of air, it seems probable 
that the apparent permeability of the fabrie to hydrogen will 
be reduced about proportionally. Barr and Thomas * conelude 
from two experiments with mi tures of air and hydrogen that 
the permeability is direetly proportional to the partial pres- 
sure of the hydrogen. 

No tests of this point have been made as yet at the: Bureau, 
since for testing purposes the use of pure hydrogen is desir 
able from every standpoint, and it is known that if the hydro 
gen contains air, the apparent permeability to hydrogen will be 
reduced about proportionally. This is an important point to 
consider in connection with volume-loss methods, sinee the dif- 
fusion of air into the hydrogen chamber will lower the partial 
pressure of the hydrogen and consequently the apparent per- 
meability. 


™ Report Great Britain Committee on Aeronautics, 4, 


1912. 
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6—V¥ olume-Loss Method 


Because of the comparative simplicity of the volume-loss 
method it is important to determine the precision and relia- 
bility of results obtained with that method. In the discussion 
of the theory of the permeability process it was stated that the 
penetration of the fabrie by the hydrogen was accompanied by 
a simultaneous passage of air through the fabrie in the oppo- 
site direction. For this reason the volume loss determined igs 
not the hydrogen which has escaped but that volume less the 
volume of air passing through the fabrie into the hydrogen 
ehamber. It is of interest to know what the numerical relation 
between results determined by the two methods is; also, if 
there is any great variation in the relative rates of penetration 
of rubber films by hydrogen and air, it is a fact of importance. 

(a) Apparatus.—For investigating the volume-loss method, 
the apparatus shown in Fig. 7 was designed. It consists of a 
cell similar to that shown in Fig. 4 and identieal with the cell 
of that type having an area of 100 em* except that the hydro- 
gen chamber is considerably larger (volume = 275 em‘). 

The large volume of the hydrogen chamber prevents any 
considerable reduction of the partial pressure of the hydrogen 
through the small volumes of air which diffuse inward. 
Attached to the hydrogen chamber is a graduated measuring 
tube which is connected by the orifice shown near the top with 
a constant-pressure flask. As hydrogen escapes through the 
fabric, water from the constant-pressure flask drops into the 
burette through the orifice to take its place. The decrease in 
volume of the confined gas is determined by the increase of 
volume of water in the burette. The total volume of the gas 
space is known and corrections are applied for the changes 
in temperature and pressure which may oceur during the test. 
Sinee the fabric changes temperature with the surroundings, a 
further correction is necessary for the change of permeability 
of the fabric with change of temperature. 

In operation, the fabric was clamped tightly between the 
well-greased flanges of the cell. The gas chamber was then 
tested for leaks by placing it under a small pressure of air. 
If it was air-tight, the air in the gas chamber and burette 
was swept out with hydrogen, and the chamber left filled with 
hydrogen under a pressure of 30 mm. of water. The decrease 
in gas volume was then noted at 30-minute intervals. <A cur- 
rent of air was passed through the upper chamber during the 
period of test. 

This apparatus is similar in principle to the apparatus of 
Lebaudy, Sabathier, and others and combines their best fea- 
tures. It was developed primarily for experimental purposes. 

(b) Resul‘s of Tests—The results obtained with this appa- 
ratus, using a series of fabries from three different manufac- 
turers, are shown in Table 2. For purposes of comparison the 
permeabilities of the fabries as determined with the 
apparatug shown in Fiz. 3 are ineluded. 

The conclusions drawn from these results and the experi- 
ence in the use of this and similar apparatus may be sum- 
marized as follows: 


same 


APPARENT PERMEABILITY AS DETERMINED BY TFE 


VOLUME-LOSS METHOD 


Permeability 
at 25° C by 
penetration method, 
liters per square meter 
per 24 hours 


Apparent permeability 
at 25° C by 
volume-loss method, 
liters per square meter 
per 24 hours 


Ratio of 


Fabric No permeabilities 


99152 10.9 15.8 0.69 
22151 11.0 15.8 70 
22150 12.0 17.9 67 
10449 10.7 14.5 7 
10650 12.4 17.1 72 
10651 7.2 11.0 65 
10652 14.4 20.1 72 
22795 9.8 14.4 68 
22496 9.9 15.0 66 
Av. .69 
With this size of cell the actual volume of hydrogen escap- 


ing per hour is usually small and the errors of measurement 
relatively large. The results are not very concordant and the 
precision secured is low compared with the standard appa- 
ratus. 

Great eare must be taken to secure a gas-tight joint between 
the fabrie and the cell in order to prevent any leakage other 
than through the fabric. A small leak in the hydrogen cham- 
ber of apparatus of the penetration type is unimportant, but 














August 15, 1918 


with the volume-loss method it is fatal to accuracy. Even if 
this joint is gas-tight, hydrogen may escape from the cell by 
leaking out between the plies of the fabric. Excessive per- 
meabilities indicated in several cases were traced to this 
source.” To guard against this, if possible, the edges of the 
fabric were coated with shellac. Where a high permeability 
is indicated, the results are usually open to the suspicion of 
being influenced by a leak. 

(c) Relation of Volume-Loss to Penetration Method.—To 
determine the theoretical relation between the volume-loss and 
penetration methods it is necessary to know the relative per- 
meability of balloon fabrics to air and to hydrogen. 

According to the figures given by Graham, the relative rates 
of penetration of rubber by nitrogen, oxygen, and hydrogen 
are 1, 2.56, and 5.5. Since the permeability is proportional to 
the partial pressure, the relative permeability to hydrogen and 

5.5 
air would be a: 791 + 021 X 2.56)” 
to 1. These figures, of course, will vary with different rubber 
compounds and different e perimental conditions. 

The rates at which hydrogen and air penetrate a balloon 
fabric have been determined simultaneously by using two inter- 
ferometers. With the standard cell (Fig. 4) the hydrogen 
passing into the air stream was determined in the usual man- 
ner. The air passing into the hydrogen in the other chamber 
of the cell was determined at the same time in another inter- 
ferometer by comparison with hydrogen from the same source 
which had not passed through the cell. The calibration of the 
interferometer was somewhat in doubt in this latter case owing 


which is as 4.1 is 


TABLE 3. 


PERMEABILITY TO HYDROGEN AND AIR 





Permeability 

to air, liters 
per square | 
meter per 
24 hours 


Permeability 
to hydrogen, 
liters per 
square meter 
per 24 hours 


Ratio 
hydrogen 
to air rate 


Fabric No. | 











10652 29.5 8.4 3.5 
26995 17.6 4.4 4.0 
26293 14.2 3.8 3.7 
24753 5.4 1.4 3.9 

Av. 3.8 


to the fact that the “air” in the hydrogen may have a dif- 
ferent ratio of oxygen to nitrogen than in atmospheric air 
(See Section 2), but if the oxygen content was as high as 40 
per cent, the readings would be ap- 
proximately only 3 per cent low. 


This difference falls within the 
rather large experimental uncer- 


tainty in these tests; accordingly no 
correction has been made. This was 
allowable since the ratio to be deter- 
. mined is not a constant and the re- 
sults are sufficiently concordant for 
present purposes. 

Table 3 shows the results for four 
different fabrics. The average ratio 
of hydrogen to air is about 3.8 to 1. 
This ratio seems to be approxi- 
mately constant for rubber-coated 
balloon fabries of the type now in 
use. This would indicate that the 
volume-loss method should give re- 
sults which are approximately 74 

» 


2.8 ; 
per cent (5) of the penetration 


method, since while 3.8 liters of 
hydrogen are escaping through the 
fabric, 1 liter of air passes into the 
gas chamber, making a net loss of 
2.8 liters. According to Graham’s 
figures, which were determined un- 
der very different experimental con- 
ditions and with different rubber 
compounds, the volume-loss would 


3.1 . 
be ( ——) or 76 per cent” of the 
41 I 
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** Fabric No. 10653 consistently permitted gas to leak between the 
Dlies of the fabric and out at the edge of the test piece. 

* Austerweil (Die angewandte Chemie in der Luftfahrt, ». 58), by 
erroneous reasoning, arrives at the figure 81 per cent for this relation. 
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permeability determined by the penetration method: this ratio 
is very close to the one found by the author. The volume-loss 
results given in the table were on the average 69 per cent of 
the values secured with the same fabries by the penetration 
method. The difference between 69 per cent and the value (74 
per cent) just calculated may be attributed to the fact that the 
hydrogen was saturated with water vapor in the volume-loss 
experiments and was used dry in the other method. It was 
shown in Section 5c that the apparent permeability was 4 to 
5 per cent lower when moist gas was used. 

(d) Absorption of Hydrogen by Rubber—lIn connection 
with the tests of the apparatus shown in Fig. 7 a series of 
determinations were made of the rate at which hydrogen is 
absorbed by the rubber in a balloon fabric. The tests were 
made by placing a fabrie in the apparatus as for a determina- 
tion of permeability, and then cutting slits in the fabric so as 
to connect both chambers of the cell. Both chambers were 
then filled with hydrogen, closed, and the rate at which the 
hydrogen was absorbed was measured in the usual way. The 
hydrogen absorbed was calculated in terms of liters per square 
meter per 24 hours. The results are shown in Table 4. A test 
on the cloth without the rubber coating showed no absorption 
of hydrogen, thus proving what was evident—that the hydro- 
gen was absorbed by the rubber and not by the cloth. 


TABLE 4.—ABSORPTION OF HYDROGEN BY RUBBER-COATED 
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These experiments indicate that saturation of the rubber 
with hydrogen is practically complete in 60 to 90 minutes. 
Kayser” also found, using another method, that absorption 
was complete in about 1 hour; no further absorption was noted 
by him in experiments lasting 3 to 5 days. In the determina- 
tions by the volume-loss method shown in Table 2 the reading 
at the end of the first 30-minute period was usually about a 
liter higher than the average of the 8 to 10 readings taken. 
Although the data are not very complete, it seems evident that 
a higher initial reading might be partly due to this absorption 
of hydrogen by the rubber. It does not, however, make a sig- 
nificant difference in the results because of the rather large 
accidental errors involved in the volume-loss measurements. 

(e) Conclusions.—It may be concluded from the results of 
these tests and many others unrecorded and from the experi- 
ence of other experimenters as noted in the literature that all 
volume-loss methods so far developed are inferior to the pene- 
tration method both in precision and reliability. The perme- 
ability according to the volume-loss method is approximately 
70 per cent of the permeability by the penetration method. 


7—Standard Test 


The permeability test adopted as standard by the Bureau of 
Standards may be briefly described as follows: The fabric to 
be tested is held in a permeability cell of the size and form 
shown in Fig. 4, or its equivalent, and is maintained during 
the period of test at a temperature of 25°C. A current of 
pure dry hydrogen is passed over one side of the fabric under 
a pressure of 30 mm. of water above the pressure on the other 
side of the fabric. Dry air, at approximately atmospheric 
pressure, is passed at a constant rate through the other cham- 
ber of the cell and the hydrogen passing through the fabric 
into the air is determined by means of a gas interferometer 
and meter. The hydrogen may also be determined by com- 
bustion and weighing as water. If the interferometer is used, 


17 Weid. Annalen der Phys. und Chem., 43, p. 547; 1891. 
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a reading is taken every half hour until a constant permea- 
bility is indicated. If the combustion method is used, the fab- 
rie should remain in the apparatus in contact with the atmos- 
phere of pure hydrogen for a period of one hour before begin- 
ning a test. 

The permeability is ealeulated in liters of dry hydrogen 
escaping per square meter of fabric per 24 hours, the volume 
of hydrogen being corrected to the standard conditions of 
0° C and 760 mm. pressure of mereury. 


8—Operating Directions and Calculations 


In the preceding sections many of the details of operation 
such as pressure, temperature, ete., have been discussed at 
length. It may be well to call attention also to certain other 
points which must be taken account of in order to secure con- 
eordant results. 

To begin with, the fabric should be firmly fastened in the 
cell and the area of fabric exposed to the hydrogen should be 
definitely known. If the faces of the cell are not exactly plane 
or if they are insufficiently lubricated. or if the cell is not 
bolted together tightly, hydrogen may leak past the edge of 
the gas chamber and increase the area of the exposed fabric. 
The results will accordingly be too high and will probably be 
erratic. 

The air current should be maintained as uniform as possible. 
The air can be forced through under low pressure or it may be 
drawn through by slightly reducing the pressure at the outlet 
with a water pump or other vacuum pump. To aid in main- 
taining a uniform pressure, a water-sealed, gas-pressure regu- 
lator may be used. A long piece of capillary glass tubing 
inserted in the air line also tends to reduce fluctuations in the 
rate of air flow. 

The hydrogen should be passed through the cell rapidly at 
the start of a test in order to sweep out the air as quickly as 
possible. When the air is removed the hydrogen need be 
passed only slowly in order to sweep out the air whieh dif- 
fuses through the fabric. 

The permeability is caleulated from the following equation: 


SXFXH 
A 


permeability in liters per square meter per 24 hours. 
rate of air passage, liters per 24 hours. 
= area of fabric in square meters. 
factor by which indicated air rate must be multiplied 
to reduce the gas volume from the condition of 
saturation at the temperature and pressure in the 
meter to the volume when dry and at 0° C. and 760 
mm. pressure. 
H = percentage of hydrogen in the air stream. 
The factor F' is ealeulated as follows: 
,_ P—Pe, 2: 
760 t + 273 
p = barometric pressure plus pressure above atmospheric 
in the meter. 
t = temperature of meter. 
Pw = vapor pressure of water at temperature t. 


P= 


hm hy 
i tl 





A table giving the value of F' for different temperatures and 
pressures should be prepared if many tests are to be made. 

Most» of the considerations discussed in section 5 apply 
equaliy ‘well to a method in which the hydrogen is determined 
by combustion with subsequent weighing as water instead of 
by means of an interferometer. The advantages the inter- 
ferometer offers in point of speed and precision have already 
been pointed out. If a suitable interferometer is not avail- 
able, however, the hydrogen may be determined by combustion ; 
in fact, this is the customary method in commercial use. 

To secure correct results by combustion, it is necessary that 
the air and hydrogen from the cell be perfectly dried; that 
the hydrogen be completely burned; that the water formed be 
completely absorbed and its weight correctly determined. This 
ean be done with sufficient aceuracy if the proper precautions 
are taken. 

The efficiency of drying with any apparatus and drying 
agent should be tested by blank runs. It is desirable to use 
two absorption tubes in series in order to determine the 
efficiency of drying in the first tube. When the second drying 
tube begins to absorb increasing amounts of moisture, the 
first tube should be refilled. 





AVIATION 





August 15, 1918 


The combustion of the hydrogen may be accomplished in a 
number of ways, such as by passing over heated copper oxide, 
platinized asbestos, platinized quartz, palladium black, glow- 
ing platinum wires, ete. Complete combustion can be secured 
by any of these catalysts if the proper temperature is 
employed and the gas is not passed through the combustion 
tube too rapidly. In any case it is well to determine by experi- 
ment that the combustion is complete under the conditions of 
use. It is important that the rate of passage of the air be not 
too rapid to prevent efficient drying and complete combustion. 

Since the amount of water collected is usually small, every 
precaution should be taken in weighing the glass absorption 
tubes. It is desirable that a counterpoise of as nearly the same 
size and shape as the absorption tube be used in weighing, 
The absorption tubes should be wiped with a damp cloth and 
hung in the balance case or a suitable container to permit 
them to assume the temperature of the balance before weigh- 
ing. Rubbing the glass while dry is likely to produce the elee- 
trostatie charges on the glass which prevent accurate weighing, 


9—Accuracy of Methods 


The accuracy with which the permeability of a fabric can 
be determined depends upon the accuracy with which the vari- 
ous factors of the test, such as concentration of hydrogen, ete., 
ean be determined, and is closely associated with the question 
of uniformity of fabric. Some fabries show very close agree- 
ment on duplicate tests and give evidence of being very uni- 
form. Fabrice No. 24,579 is a good example of this. Tests on 
eight different test pieces of this fabric showed permeabilities 
between 8.6 and 8.9 liters. Experience with this fabric indi- 
eates that a great many of the differences noted between dupli- 
eate tests on other fabrics are caused by real variations in the 
permeability of the fabrie and ndt by unobserved errors of 
testing. If the fabric contains “ pinholes,” the variations in 
permeability of test pieces may be very large because it is 
unlikely that the small holes will be uniformly distributed and 
be uniform in size. One sample which showed “ pinholes” 
gave tests ranging from 14.5 to 43.5 liters. In general, dupli- 
eate tests on good fabrics show an agreement within approxi- 
mately 1 liter in the range of 10 to 20 liters. 

With the standard cell having an area of 250 em.’, an inter- 
ferometer giving the concentration of hydrogen to 0.01 per 
cent and a 1/20 eubie foot meter graduated in thousandths of 
a eubie foot and read to ten thousandths of a eubie foot, it is 
possible to keep the probable experimental errors below 5 per 
cent. Under routine testing conditions the accuracy may vary 
from 5 to 10 per cent. Greater variations than this in the uni- 
formity of the fabric are commonly met with. The precision 
attained—that is, the agreement between successive tests on 
the same test piece—is somewhat greater than the absolute 
accuracy attained. 

If the combustion method is used, about the same accuracy 
ean be secured if the proper precautions to secure complete 
dfying, combustion, and absorption are taken. Because of 
the length of time necessary for a test, check tests are not 
usually run, and furthermore it is necessary to obtain the 
average permeability over a period of several hours unless a 
very large cell is used. 


10—Summary 


The various methods for determining the permeability of 
balloon fabrics to hydrogen are described in this paper; the 
precise and rapid method used at the Bureau of Standards is 
described in detail. The phenomenon of the passage of gases 
through rubber by solution in the rubber is discussed in rela- 
tion to testing methods. Data are given to show the effect upon 
the apparent permeability of different experimental conditions 
such as temperature, pressure, humidity of’ the gas, duration 
of test, ete. A knowledge of the effect of these factors enables 
one to compare results of tests made under different conditions. 
It bas been shown that methods which depend upon the loss 
of volume of hydrogen confined by a sample of the fabric give 
results which are about 70 per cent of those obtained by the 
standard method which measures the volume of hydrogen 
penetrating the fabric. This is due to the mutual permeability 
of the fabric to air and hydrogen. 

The author is indebted to Messrs. Francis A. Smith, P. G. 
Ledig, S. F. Pickering, and I. L. Moore for their assistance in 
making the measurements reported. 














August 15, 1918 


AVIATION 



































Where Liberty Airscrews Are Made 


The Miami Valley in Ohio is one of the important cen- 


ters of aircraft production 


our entry into the Great War. 


home oft a great number of 
factories manufacturing all 
kinds of aeronautical appa- 


ratus, from complete war air- 
planes to ignition systems for 
aero-engines and turnbuckles. 

Piqua, a few miles from the 
home of the Wright brothers, 
where the airplane received 
its inception, is another im- 
portant center of intensive 
activity in behalf of our air- 
eraft program. Here are lo- 
eated the large lumber mills 
and the airserew factory of 
the Hartzell Walnut Pro- 
peller Co., which are turning 
out Liberty airscrews in quan- 
tities that would comfort the 
enemy to know. 

The airserews are manufac- 
tured by the Hartzell Walnut 
Propeller Co. from the very 


which have sprung up since 
Dayton, in particular, is the 


logs up. 


Their buyers are constantly visiting all the lo- 


ealities where walnut timber of the best grade is to be 


found, and purchase it from 





























the owners of the standing 
trees. The logs are then 
shipped to the lumber mills 
at Piqua, where they are 
sawed up preparatory to be- 
ing converted into the fin- 
ished product by the airserew 
factory. 

A thoroughly modern ma- 
chinery as well as a rigid sys- 
tem of inspection insure tlie 
highest standard of quality 
and workmanship, while par- 
ticular care is taken to give 
the airserews a beautiful fin- 
ish. 

Robert N. Hartzell, a son 
of Geo. W. Hartzell, is man- 
ager of the airscrew factory; 
Frederick Charaway, one of 
the early American pioneers 
of airscrew design, is consult- 
ing engineer; Axel Lungardt 
is factory superintendent. 









































L’ Aerophile, June, 1918 

The A. E. G. Bomber——Some additional details are now 
available on the A. E. G. Bomber (which was described in 
the July 15, 1918, issue of Aviation), particularly in regard 
to its eamouflage and the type and number of bombs it 
carries. 


The camouflage scheme of the A. E. G. consists of a regu 






Grayish Blue 


| Grayish Blue 






lar pattern of seven hexagons, six of which are colored in 
pairs black, grayish-blue and green, while the seventh is of 


purple color. The arrangement of this scheme is shown in the 
It is said that the hexagon camou- 


accompanying drawing. 
flage is very widely used by the enemy night bombers. 

Regarding the load of bombs the A. E. G. bomber carries, 
this is in the neighborhood of 800 kg., but varies to a small 
extent on the various machines of this type that have been 
captured by the French. 

One A. E. 
782 kg.: 


seven 50-kg. bombs, which were attached underneath 


the body; twenty-four 12-kg. bombs in two vertical bomb 
magazines fitted to the after cockpit, and twelve 12-kg. bombs 
in a vertical bomb magazine fitted to the pilot cockpit. 
Another A. E. G. bomber, whose date of manufacture was 
given as Nov. 21, 1917, carried two 100-kg. and one 300-kg. 
bombs, the latter in the center line, all underneath the body; 
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G. bomber, the works plate of which bore the 
date Oct. 24, 1917, carried the following bomb load, totaling 


four 50-kg. bombs under the lower panel of the center section, 
and twelve 12-kg. bombs in a magazine fitted in the forway 
cockpit. The total bomb load of this machine was 788 kg, 


The Aeronautical Journal, May, 1918 


Speed Meter for Aircraft.—A speed meter for aircratt, de 
ecribed in the April 11, 1917, supplement of the Elektrotech. 
nische Rundschau, is based upon the fundamental equation; 
velocity increment acceleration < time. 

Acceleration is measured by displacement from zero of 4 
heavy spring-controlled iron sphere. The extent to whieh 
this is displaced is made to determine the speed of a whed 
which is geared to a recording dial indicating velocity directly, 
It is absolute speed with regard to the earth which is meas 
ured. 

The speed of a train is proportional to the speed of the 
driving wheels which may therefore be used as a measure of 
train speed. The speed of a ship or aircraft is not propor 
tional to the speed of the propeller and moreover is subject 
to the effect of currents and wind. Though it is moving 
forward through the air an airplane may be moving back 
wards with regard to the earth. The true speed with regard 
to the earth may be determined by measuring the acceleration 
and allowing for the time that the aeceleration is operative. 

The mechanism suggested has an iron rod or track laid 
horizontally and in the direction of the airplane’s length. On 
this rod is a heavy iron ball, which is normally held at the 
eenter of the track by a spring at each end: of the latter, 
When the airplane is accelerated the iron ball moves back 
wards from the center of the track; when the machine is 
retarded, the iron ball moves forward. 

The second part of the mechanism is a horizontal dise 
rotated at constant speed by clockwork. On this dise rests a 
small wheel, which is mounted on and ean slide along a square 
shaft. By means of a prong or fork the iron ball moves the 
small wheel to one side or other of the center of the rotating 
dise. The direction of rotation of the small wheel (and of its 
square shaft) and its speed of rotation are thus determined 
by the direction and extent of displacement of the iron ball— 
i. e., by the degree of acceleration or retardation of the air 
plane. 

The square shaft is geared to a recording dial, which ind- 
eates the net total revolution of the small wheel at any time 
This is proportional to the speed of the airplane with regard 
to the earth. The recording dial may be calibrated according- 
ly. If the instrument is working properly the speed dial 
comes back to zero at the conelusion of each flight. 
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Prices for New England Spruce Fixed 


The Price Fixing Committee has reached an agreement with 
New England manufacturers on maximum prices for spruce 
lumber to the Government and others for the period July 19- 
Nov. 1, 1918. 

The prices of all New England spruce lumber in the States 
of Maine, New Hampshire, Vermont and Massachusetts shall 
not exceed the item prices named in the list. These prices 
are for New England spruce lumber delivered (freight allowed 
to Boston, Mass.). They do not include war tax on freight 
bills. For shipments to other destination points freight 
adjustments will be governed by differentials shown in Bangor 
and Aroostook Railway lumber tariff on basis of 3000 Ibs. 
weight to 1000 ft. of lumber. 

Prices on items not covered by the list shall be placed on 
basis of nearest comparable item. This will undoubtedly 
answer for any contingency that may arise from time to time. 

The usual trade practices shall continue, including cash 
discount of 1 per cent. in fifteen or thirty days net. 

Contracts for the sale of lumber entered into in good faith 
prior to midnight, July 19, and enforcible at law, will be per- 
formed in accordance with their terms—subject, of course, to 
orders received from the Government which may require 
priority. 

The procedure is that each manufacturer of New England 
spruce lumber shall: 

(1) Make contracts and accept orders for his product at 
prices not in excess of the applicable maximum prices, always 
subject to an option at the applicable maximum prices in 
favor of the United States or the nominee of the War. Indus- 
tries Board. Under this option, which will cover all New 
England spruce lumber down to time of actual delivery to the 
purchaser, the War Industries Board to any e..tent required 
will allocate either to the Government or to other essential 
users. Any balance not so allocated will be released for sale 
to commercial buyers, but at prices no greater than those 
determined upon as above set forth. 

(2) Comply with the directions of the War Industries 
Board, as issued from time to time, with reference to filling 
commercial requirements in the order of their publie impor- 
tance and to furnishing such information and making such 
reports as may be required. 

(3) Keep up to the best of his ability the production of 
spruce lumber so as to insure an adequate supply so long as 
the war lasts. 

(4) Neither reduce the scale of wages now being paid nor 
change fundamental labor conditions now in force. 

The Government will apportion the ear supply available 
for lumber and arrange for its transportation, subject to 
allocation by the War Industries Board as aforesaid, to the 
end that injury to the industry due to abnormal war-time 
conditions be neutralized so far as may be. 

Foreign trade, except to the Governments of nations asso- 
ciated with us in the present war, is not to be affected by this 
ruling. 

Prices range from $48 for l-in.  2-in.-20 ft. and under to 
$60 for 8-in.  12-in.-20 ft. and under dimension, and $38 to 
$59 for random lengths. 


New Director of Lumber 


Charles Edgar, formerly acting chief of the Lumber Sec- 
tion, has been appointed Director of Lumber of the War 
Industries Mr. Edgar succeeds R. H. Downman, 
resigned. 


soard. 


Arbitration on Spruce Production 


Pians for arbitration of all differences between employes 
and employing lumbermen and loggers of the Northwest were 
completed at Portland, Ore., on July 20, when lumber opera- 
tors of Oregon, Washington, Idaho and western Montana 
met with Col. Bryce P. Disque, in charge of airplane spruce 
production. 

He declared the action was most important because “ the 
employers have taken the employes into partnership.” 
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Completes 1,000 DeHavilands 


Employees of the Dayton Wright Airplane Co., the largest 
manufacturer of DeHaviland battle planes in this country for 
the United States Army, celebrated August 2 the completion 
of the 1,000th plane built by the company. 

The 5,000 employees were given a holiday and listened to 
addresses by Gov. James M. Cox of Ohio and officials of the 
company while the 1,000th plane flew over the open-air gather- 
ing. Secretary of War Baker telegraphed that he could not be 
present because of the pressure of war work in Washington, 
but complimented the company for the part it is playing in 
the war. Dayton people generally celebrated the day as a 
holiday. 

New Airship Endurance Record 


Ensign P. J. Barnes, N. 8S. Naval Reserve Flying Corps, 
operating in European waters, has established a new endurance 
record for the “ Blimp” type of airship by remaining in the 
air 30 hr. and 30 min. 


New Aircraft Engine Oil 


The Department of Military Aeronautics has announced the 
specifications for a new aircraft engine oil, known as “ Lib- 
erty Aero Oil,” developed while the Lubrication Branch was 
a part of the Equipment Division of the Signal Corps. The 
new oil is a mineral oil, and will be used in the Liberty engine, 
as well as all stationary cylinder aircraft engines, by the Army 
and Navy. Its development is due to the energy and skill of 
a staff of men who have worked exclusively on the problem 
for upwards of twelve months. 

When the aircraft program was announced in 1917, no one 
in authority had a definite idea as to the proper kind of lubri- 
sation required. Both at home and abroad, the practice had 
been far from uniform. For nearly every engine there was a 
specific oil. Some engineers insisted on castor oil; others 
recommended castor mixed with mineral oil, and still others 
wanted mineral oil alone. At that time it as estimated that 
5,000,000 gal. of castor oil alone, at about $3 per gal., would 
be required. That amount of neither castor nor any other oil 
was available. 

A new American engine was being designed and new lubri- 
cation problems were continually arising. Those in authority 
set out to develop a suitable lubricant at an average cost of 
about 75 cents per gallon and also a system for reclaiming oil 
already used. The result was the beginning of an oil survey. 

Among the first lubrication experts attached to the new de- 
partment was Captain May. In twenty-five days he super- 
vised personally the running of thirty-seven engine tests in a 
laboratory where five engine tests a week would be a complete 
program. These engines were run with different kinds of oils, 
and each oil was analyzed and measured before and after 
tests. To determine how lubrication and fuel would serve at 
high levels, Captain May then went to the altitude testing 
laboratory, an air-tight building capable of having the air 
within it partly exhausted and kept in that state. In other 
words, the air pressure within this compartment could be 
reduced and kept constant by means of exhaust air pumps. In 
this manner the reduced air pressure could be made equivalent 
to the air pressure at any elevation. Here the engines were 
tested for altitude, instead of trying to fly them for any length 
of time at the corresponding heights, or taking them up to 
the top of some mountain. 

On Captain May’s reports were based the Liberty Aero Oil 
specifications which are in general use in the Army and Navy 
today. His experiments made possible a suitable airplane 
engine oil at about a fourth the price of castor oil. 

Reclamation of used oil is also practiced now and at least 50 
per cent is used again, whereas previously it was thrown away. 


New Naval Balloon School 


It was officially announced at Washington last week that 
the Navy Department plans to establish another training school 
for balloon pilots. The location has not been definitely 
determined, but it will be at some point east of the Mississippi 
and south of the Ohio rivers. 
























































Facts About Airplane Construction 

Another story is going the rounds of the daily press that 
the aircraft program has struck a new snag. The gist of this 
story is to the effect that the DH 4 is not a success, and that 
General Pershing recently cabled requesting that no more 
shipments of that type of machine be made to France. 

Another version is that General Pershing has recommended 
that further shipments be held up until certain alleged detects 
shall have been corrected. The War Department is quoted 
as the source of this information, and the Senate Sub-Com- 
mittee on Military Affairs is also said to have made a thor- 
ough investigation of DH 4 construction and will devote 
not a little space to the subject in its forthcoming report. 

The first version of the story, as above outlined, is abso- 
lutely denied by no less an authority than William C. Potter, 
Assistant Director of Aircraft Production, and to controvert 
it Mr. Potter read to the Washington representative of 
AVIATION AND AERONAUTICAL ENGINEERING a cablegram from 
General Pershing, dated July 24, and received on July 29. 
In this cable orders were given for the priority shipment ot 
planes, engines, etc., in August, and DH 4’s stood at the 
head of the list. Mr. Potter considers this cable to be a suf- 
ficient answer to that part of the report. 

On the other hand, to quote an old axiom, “ Where there is 
smoke there is some fire.” It is admitted that certain 
additions, or so-called improvements, have been made in the 
DH 4 to meet foreign ideas, and what is more important, 
that DH 4 production will everttually be abandoned and the 
DH 9 and DH 9A will be put into production in its place in 
this country. These are types which have found great favor 
in England. Just when the change will be made is not now 
known. It is possible that the entire number of DH 4’s called 
for by the air program may be manufactured, or if it is 
feasible to discontinue their production meanwhile, that that 
will be done. Which course will be pursued will depend upon 
circumstances, but it is gathered that the latter is the mor 
probable. 

Incidentally, it may be mentioned that many reports have 
also been made to the effect that the SE 5’s are being built in 
place of the Bristol fighters, whose production was recently 
ordered discontinued. This may be authoritatively stated as 
erroneous, for the very simple reason that this type was and 
is a part of the original air program. 


Loening’s Monoplane Has Test Flight 

The first flight of a two-seater fighting monoplane, de- 
signed and built by Grover C. Loening, the aeronautical engi 
neer and constructor, at his factory in Long Island City, was 
made at the Army Aviation Field at Mineola on August 4. 

While details of the construction of the machine and the 
flight are not available for publication, it is claimed that the 
construction is such that the pilot has an unusually large 
radius of vision and the gunner has practically no “ blind 
spots.” It is stated that the unique design of the machine 
has overcome the well-known drawbacks of the monoplane in 
strength and vision and that in flight the machine showed low 
landing speed and exceptionally good stability. 

It is claimed that the simple design of this machine permits 
its construction with about one-tenth of the number of parts 
of the ordinary machine. It is powered with a 300 horse- 
power Hispano-Suiza engine. 


Aircraft Production Assistant 


C. W. Nash, president of the Nash Motors Co., Kenosha, 
Wis., and formerly president of the General Motors Co., has 
been appointed by John D. Ryan, Director of Aircraft Pro- 
duction, as assistant to the Director in charge of engineering 
and production. He will assume his duties immediately. 

This appointment does not change in any way the organi- 
zation already effected in the Bureau of Aircraft Production 
except to give Mr. Ryan an additional assistant. 


Bud Morriss Airplane School 


The Bud Morriss Airplane School, Lincoln Avenue, Chicago, 
Ill., has sixteen stars in its service flag. Every one of these 
stars represents a graduate of the school. Four of the gradu- 
ates are now instructors at the Great Lakes Training Station. 
Others are in the Air Service. The course at this school is 
eight weeks. 
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Naval Aircraft Factory 


July 27 was the anniversary of the date on which the build 
t 


ing of the Naval Aireraft Factory at Philadelphia was ag. 
thorized, and on that day Rear Admiral David W. Taylor 
chief of the Bureau of Construction and Repair, which built 
and operates it, reported to the Secretary of the Navy the 
satisfactory record made in its erection and operation. 

In recognition of this event Seeretary Daniels addregge} 
the following letter to Naval Constructor F. G. Coburn, mam 
ager of the plant: 

“The Department desires to express its appreciation gf 
your ability shown in organizing the Naval Aircraft Factory, 
and in bringing it, as its manager, to its present state of effh 
ciency. One year ago the construction of the Naval Aireraft 
Factory was authorized by the Department, and you wep 
detailed as its manager. This factory has been built in ag 
cordance with plans prepared by you, and the records sho 
that forms for the first flying boat were laid October 12, while 
the building was not completed until November 28. The firgt 
flying boat was given its successful trial flights on March 2, 
1918, and since that date a steadily increasing rate of pre 
duction has been observed. It is noted that the first order 
for fifty large flying boats has been completed and the greater 
part are now flying over British waters.” 

The contract for the aireraft factory was awarded August 
6, 1917,.and work was begun on the same day. The original 
factory had a floor space of 160,000 sq. ft. An extension, 
which will give an added space of 55,400 sq. ft., was begun 
on February 26, and is now practically completed. 


Aeronautical Commission to Go Abroad 

Charles H. Willard, chief engineer of the Aeromarine Plane 
and Motor Company, has been given leave of absence by his 
company so that he can join a Government aeronautical com 
mission is to travel in France and England. It is understood 
that the purpose of the trip is to secure the latest military 
information upon aireraft and to translate it into production 
for next year’s American airplane program. Colonel Hall and 
Major Marmon, of the Aireraft Production Division, are other 
members of the delegation. 


Honduras Mahogany 

One of the principal exports of Honduras is mahogany, 
and nearly all of it goes to the United States, says E. EB 
Johnston, a Missourian, who has lived in that country for the 
past twelve years. He continues: 

“ There has been an extraordinary demand from the British 
Government for the mahogany, and I presume 10,000,000 
ft. will be sent to this country within the next year, all of 
which will be controlled by the British Government.” 


Goodyear Gets Airship Contract 

Among the July contracts placed by the Bureau of Sup 
plies and Accounts of the United States Navy was a contrat 
for airships with the Goodyear Tire & Rubber Co., Akrom, 
Ohio, and a contract for instruction radio sets with the Clapp 
Eastham Co., Cambridge, Mass. 

Following were among the July contracts placed by the 
General Engineer Depot of the Army: The Ashcroft Mant 
facturing Co., aireraft iron eases; Fir Production Board, 
Washington, D. C., fir; Champion Spark Plug Co., Toledd, 
Ohio, spark plugs; Sperry Gyroscope Co., Brooklyn, N. ¥Y 
searchlights, and Splitdorf Electrical Co., Newark, N. dy 
magnetos and armatures. 


Changes in Rich Tool Co. 

Horace G. Johnson has joined the sales department of the 
Rich Tool Co., Chicago, Ill. He will make his headquartes 
at the Detroit office, 709 Kresge Building. 

On July 1, J. Henry Smith, manager of sales, Motor Pars 
Department will make his headquarters in Chicago where 
sales will be handled. Mr. Smith has been in Detroit for te 
past three years. 


Aero Course at Michigan Auto School 
The Michigan State Auto School, Detroit, Mich., is 00¥ 
giving a course in aeronautical training. The students a 
taught the assembly of engines and planes. 
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WHEN THE GLORIOVS DAWN OF VICTORY COMES AND THE TRVE 
STORY OF THE WAR CAN BE TOLD, IT WILL BE FOVND THAT CVRTISS 
AEROPLANES AND CVRIISS MEN HAVE “DONE THEIR BIT? 


CVRTISS AEROPLANE AND MOTOR CORPORATION, BVFFALO, V.S.A. 
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pe 6h 628 AE AIR] 


Calls for 
Speed—Strength—Ease of Control | 

































In addition to these vital requisites the new 
Continental Pusher offers wide range of 
vision for Observer,Camera Man or Gunner. 





The Continental Aircraft Corporation 


Factory and Aviation Field New York Office 
AMITYVILLE, L. I. 120 LIBERTY STREET 


MANUFACTURERS OF | 


Airplanes, Experimental Airplanes and Parts 




















WITTEMANN-LEWIS | | 
AIRCRAFT 
COMPANY 


NEWARK, N. J. 


UNION | 


The “HANDLEY-PAGE”’ ; | 
=== BIPLANE = ; 
using Rolls Royce Engines madea Main Office and Factory: 


WORLD'S RECORD 
LONG DISTANCE FLIGHT ; 


LONDON — ROME — CONSTANTINOPLE 
Lubricated With 


Lincoln Highway 
near Passaic River 


se. 
(RACING) ’ - 
The ONE Oil for All Aero Engines «1 
C. C. WAKEFIELD & CO., Limited — Telephone, Market 9096 
(Sir Charles Wakefield, Bart. Gov’ing Dir.) 
Wakefieid House, Cheapside. London, E C. 2 
" . & we, 
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Tuomas-VYlorse Aircrarr Corporation 


ITHACA ,N.Y. U-S.A- 


Contractors to U. S. Government 


ACKERMAN 
LANDING 


SIMPLICITY 
FTRENGTH 
SERVICE 


“THE ACKERMAN WHEEL COMPANY 
342 Rockefeller Building, CLEVELAND, OHIO. U.S.A 
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Radium 
Rthestiakele ks 
Compound 





Visible in the Dark 
Luma-Lighted dials are visible in the dark 
[he air pilot can read his instruments at all t 
[here is no uncertainity; no danger of. l.uma‘‘g 
out 
This wonderful Radium luminous material is 
being used by many of the largest manufacturers of 
dash instruments. It meets the requirements of the 
British Admiralty and specifications of the United 
Nino Olhusclilailm lant ome miulliiele ae: lise limlilied’ 
ments 
This Company has unusual facilities for applying lun 
to dials of every description. The service : 
ient and economical for manufacturers anc 
uniformly satisfactory results 


Write for booklet and full information 





a counterbalanced aviation 
crankshaft.... 


Patented July 10th, 1917 


one of the 1|8 different 

models we are now making 

for 14 aviation motor companies... 
reduces vibration and eliminates bearing pressure 


We have shipped 63,771 Counterbalanced Crankshafts to July 24, 1918 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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ERIE STANDARD 


Aircrart Merav Parts 


DEPENDABLE SERVICE 
QUANTITY- PRODUCTION 


Our plant at Erie—the largest of its kind—specializes on AIRCRAFT 
BOLTS, NUTS and CLEVIS PINS conforming to Government 
Specifications. 








A product as near 100% perfect in quality and machine practice as the 
human element will permit. 


Please request our New York Office to send you copy of our catalogue. 


ERIE SPECIALTY COMPANY. 


& West 40 St., New York City 
Main Plant Erie,Pa. 

































































The HOLBROOK Co 


New York City 





MANUFACTURERS 


Airplane Propellers 

Airplane Sheet Aluminum Parts 
Airplane Sheet Metal Parts 
Airplane Woodwork 

Airplane Upholstery 
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P. PRYIBIL 
MACHINE COMPANY 


MANUFACTURERS OF 


FINE WOOD WORKING MACHINES 


WE HAVE SERVED 


CURTISS ENGINEERING CORPORATION 

L. W. F. ENGINEERING COMPANY 
WRIGHT-MarTIN AIRCRAFT CORPORATION 
STANDARD AIRCRAFT CORPORATION 
CONTINENTAL AIRCRAFT COMPANY 





Why not you? 


Factory, 512-524 West 41st Street, New York City 
Established 1862 


















WIDMAN 


Manufacturers of 





Waterproof Ply Wood Panels of All Thicknesses and Plies 


Stand Highest in Government Tests for 
Strength and Water Resisting Qualities 


FABRICATORS OF PARTS OF ALL KINDS 


OUR ENGINEERING DEPARTMENT IS AT YOUR SERVICE 





Sales Agents for Certus Glue 
Absolutely Waterproof and accepted by the Government 


J.C. WIDMAN & COMPANY 


Fourteenth and Kirby Avenue Detroit, Michigan 
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FALCON 


PROPELLERS 

















CONTRACTORS TO THE U. S. GOVERNMENT 





JAMESTOWN 
PROPELLER COMPANY 


JAMESTOWN, N. Y., U. S. A. 


















AIR PLANE DRY KILNS 


We are prepared to design, equip, install and operate according to Aircraft 
Engineering Division Specification No. 20,500-A. 


[. Grand Rapids Vapor Process Kilns (as perfected thru the erection of 2,000 kilns 
in high class woodworking plants). 

I]. Tiemann Humidity Regulated Kilns (as designed and developed by the Forest 
Products Laboratory at Madison, Wisconsin). 

\11. Tiemann-Grand Rapids Combination Kilns (combining the scientific points of the 
Tiemann kiln with the practical experience of the Grand Rapids Veneer Works, 
subject to operation by either method). 

Batteries of combination Grand Rapids-Tiemann kilns have just been selected and pur- 


chased for the United States Government Experimental Department at McCook Field 
and for the United States Government Aircraft Repair plant “ Somewhere in France.” 





In addition we have designed or equipped kilns for:— 


STANDARD AIRCRAFT CORPORATION, 2 orders BRIGGS AEROPLANE COMPANY 
FISHER BODY CORPORATION, 2 orders WEST WOODWORKING COMPANY 
THOMAS-MORSE AIRCRAFT CORPORATION FLOTTORP MANUFACTURING COMPANY 
AMERICAN PROPELLER & MFG. COMPANY GALLAUDET AIRCRAFT CORPORATION 
BREESE AIRCRAFT COMPANY WEST VIRGINIA AIRCRAFT COMPANY 


Submit your drying problem to experts who make a specialty of kiln design 
and are prepared to furnish and install all equipment and instruments 


GRAND RAPIDS VENEER WORKS 


Grand Rapids, Michigan Seattle, Washington 







































| 8 WALTHAM STREET, 


FUEL LEVEL 
GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 


Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 
equipment of Eng- 
lish Government 
Warplanes. 





SPECIAL TYPES DESIGNED 


FOR YOUR ESPECIAL NEEDS. 


BOSTON AUTO GAGE CO. 





BOSTON, MASS. 
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ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 


They possess every feature and qualifi- 
cation necessary for a high grade 


product. 


STRONG 
EFFICIENT 
DURABLE 


Used on the best American flying machines. 


Our engineering department is at your 


service. 


Rome - Turney Radiator Company 
Rome, N. Y., U. S. A. 






















The Real Article 


The American Aviator 
The American Airplane 
The American Goggle 


THE AVIGLAS 


Trade Mark Reg. U. 8S. Pat. Off. 
Patented Jan. 22nd, 1918 





The Aviation Goggle ordered by the Govern- 
ment for the use of the Flying Officers, 
Pilots and Observers of the 
United States Army. 


The most important thing 
for the aviator is to be able 
to see clearly and distinctly 


Write to us for illustrations and prices on the 
various types. 


DESIGNED AND PATENTED BY 


F. A. HARDY & COMPANY 
JOHN H. HARDIN, President. 


Department O, P. O. Box 804, Chicago, III. 
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f\ Aluminum Braziné Solder 


So efficient and permanent is a repair made with PETER’S Aluminum 
Brazing solder that hammer tests break the object above the joint, leaving 
the brazed joint intact. 

This solder is guaranteed—unconditionally. It must make a quicker, 
cleaner, stronger and more economical repair or back goes your money. 

The tremendous saving in time and labor in the use of Peter’s Alumi- 
num Brazing solder on airplane crankcases can easily be seen. Months of 
delay in making new crankcases can be avoided by the use of Peter’s 


solder. 


Pp ETERS CRANKSHAFT GRINDER 
L£liminates Costly Skilled Labor 


August 15, 1918 






When your crankshaft needs grinding it is no longer necessary to enlist expensive skilled 
labor and costly equipment. With nothing but a vise or clamp to hold the crankshaft, an 
ordinary workman can operate the Peter’s Crankshaft Grinder and restore the shaft to a 
perfect round surface in a few minutes’ time. 

Adjustable to any crankshaft from 1 in. to 6 in. throw. Price, $30.00, f. o. b. Chester, Pa. 











Write for full deiails of these two powerful aids to 


efficient and speedy airplane production and operation. 


ALUMINUM BRAZING SOLDER COMPANY 
Montgomery Bldg, Chester Pa. U.S.A 




























If you are interested in the airplane 
from the technical standpoint 


Subscribe to 


AVIATION AND AERONAUTICAL ENGINEERING 


SIX MONTHS’ OFFER 


The Gardner-Moffat Co., Inc. 
120 W. 32d St., New York 
For the enclosed One Dollar send me the next twelve semi-monthly issues of 


Aviation and Aeronautical Engineering. 


Semone oe eae OS esHeeee SC SG HDESBEDBHS OVP CE SSCE OS CS CCS C4 ETA eee aase 


eeseesce eo eoRB eee eea Se SePs Besse d 6h +O 60 686680 CO SOT 2 O 6.22 88 
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JACUZZI BROTHERS 
2034 San Pablo Avenue, Berkeley, Calif. 


Propeller Manufacturers 


























For Airships For Airplanes 





OVER TWENTY TYPES OF PROPELLERS 
ARE MANUFACTURED CONTINUALLY 
AT OUR PLANT 


WE DESIGN PROPELLERS TO MEET 
DIFFERENT REQUIREMENTS 


Write for our price list 
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Designed and Built to 
meet the exacting 
requirements of 


Airplane Service 


combining 


Light Weight 
Efficiency and 
Durability 


Piagonal and Square 
Honeycomb Types. One 
Quality Only— 

The Best 


Uur engineering experience 
and up-to-the-minute man- 
ufacturing facilities are at 
your disposal. 


The GeO Mfg.Co. 


sew Haven, Conn., U. 8. 











GROVER C. LOENING 


Announces 


THE NEW 1918 EDITION 


ENLARGED 
and 


SIMPLIFIED 


Of his extensively used textbook 


Military Aeroplanes 


Almost doubled in size and with the 
finest halftone and linecuts available 





For sale 
GROVER C. LOENING 
45 Eleventh St. 
Long Island City, N. Y. 


Price $4.75 
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Aeronautical Trade Directory 


AvIATION AND AERONAUTICAL ENGINEERING will furnish 
information and addresses of companies listed below. 


Names of Advertisers in this issue are printed in capitals. 
See Index to Advertisers on page 136 











ACCESSORIES AND 

INSTRUMENTS 
Advance Felt Specialty & Cut- 
ting Co. 


International 
strument Corp. 


JOHNS-MANVILLE, I. W., Cv. 


King, Julius. Optical Co. 

THE MOTO-METER CO. 

National Gauge & Equipment (o. 

Nelson Blower & Furnace Co. 

wWHara Waltham Dial Co. 

Queen-Gray Co. 

Rieker, Walter. 

SPPRRY GYROSCOPE Co 

M%andard Aeronautical Co 

Stewart-Warner Speedometer 
Corp. 

TAYLOR 
PANIES 

Veeder Mfg. Co. 

Western Electric Co. 


AIRPLANES 


INSTRUMENT COM- 


Aeromarine Plane and Motor Co. 


takbawk Airplane Co. 

BOBBING AIRPLANE CO. 

Breese Aircraft Corp. 

THD BURGESS COMPANY. 

California Aviation Co 

CONTINENTAL AIRCRAFT 
CORP. 


CURTISS AEROPLANE & 
MOTOR CORP. 


Dayton Wright Airplane Co. 

bes Lauriers Aircraft Corp. 

Dewey Aeroplane Co. 

Engel Aircraft Co. 

Fisher Body Corp. 

Fowler Airplane Corp. 

Gallaudet Aircraft Corp 

Heinrich, A. S.. Corp 

LANZIUS AIRCRAFT CO. 

lawrence-Lewis Aeroplane Co. 

Lawson Aircraft Corp. 

lewis & Voneht Corp 

LOENING AERONAUTICAL 
ENG. CORP. 

Longren Aeroplane Co. 

L. W. F. ENGINEERING CO 

MARTIN, GLENN L., CO. 

Michigan Aircraft Corp. 

ORDNANCE ENG’RING 

Pattersun Aeroplane Co. 

Peirce, Sam’l S., Aeroplane Corp. 

Smith, Kyle, Aircraft Co. 

Sperry, Lawrence, Aircraft (« 

Springfield Airplane Co. 

STANDARD AIRCRAFT CORP’. 

Sturtevant Aeroplane Co. 

THOMAS-MORSE AIRCRAFT 
CORP. 


CORP. 


The Willys-Morrow Co. 


WITTEMANN-LEWIS Alk 
CRAFT CO. 


Whittemore-Hamm Co. 
WRIGHT - MARTIN 
CORP. 


AIRPLANE ENGINES 
Aeromarine Plane and Motor Co. 
Ashmusen Mfg. Co. 

Continental Motors Co. 
CURTISS AEROPLANE & 

MOTOR CORP. 

Detroit Gas Turbine Corp. 
DUESENBERG MOTOR CORP. 
General Ordnance Co. 

General Vehicle Co. 

Gyro Motor Co. 


Aeronautical In- 


AIRCRAFT 


(Continued on pave 123) 


HALL-SCOTT MOTOR CAR CO. 

Kemp Machine Works. 

Kessler Motor Co. 

Kauox Motors Co. 

Nordyke & Marmonr, 

Packard Motor Co. 

Roberts Motor Mfg. Co. 

Rolls-Royce, Ltd. 

Springfield Motors Co. 

Sterling Engine Co. 

Sturtevant, B. F., Co. 

Trego Motors Corp. 

THOMAS - MORSE AIRCRAFT 
CORP. 


UNION GAS ENGINE Co. 

Van Blerck Motor Co. 

Willys-Overland Co. 

WISCONSIN MOTOR 

World's Motor Co. 

WRIGHT - MARTIN 
CORP. 


AIRPLANE PARTS 
Aircraft Parts Mfg. Co. 
Amertean Body Co. 
ASTORIA VENEER 

DOCK CoO. 
BARCALO MFG. CO. 
Century Telephone Construction 

Co. 

Chicago Aeronautical Supply Co. 

DAYTON METAL PRODUCTS 
co. 

ERIE SPECIALTY CO. 

GENERAL RAKELITE CO. 

HOLBROOK CoO. 

KAWNEER MFG. CO. 

Levett, Walker M., Co. 

New Jersey Veneer Co. 

Pressed & Welded Steel Produ:ts 

Co. 

Rogers Construction Co. 
Standard Parts Co. 
Welch Mfg. Co. 
Whittemore-Hamm Co. 
WIDMAN, J. C., & CO. 
Willys-Morrow Co. 
Wilson Cabinet Co. 


ALUMINUM 


Acieral Co. of America 
ALUMINUM CASTINGS CO. 
ALUMINUM CU, OF AMERICA 
American Metal Co., Ltd. 
Levett, Walker M., Co. 
LEYGRAND & CO. 
McAdamite-Aluminum (Co. 


SO-LUMINUM MFG. & ENG. CO, 
(SOLDER) 


STIMPSON, EDWIN B., CO. 
United Swelting & Aluminum (ov. 


AVIATION SCHOOLS 


American School of Aviation 
America Trans-Oceanic Co. 
Atlantic Coast Acronautical 
Station 
Beam Airplane Co. 
Blackhawk Airplane Co. 
Curtiss Training Schools 
EAGLE AVIATION SCLIOOL 
The Hydrerocraft Co, 
Michigan State Auto School 
Moler Aviation Instructors 
Penn. State Schvo!l of 
Mechanics 
Stinson Schooi of Aviation 
Whittemore-Hamm Co. 


MFG. CO 


AIRCRAFT 


MILL & 


Aeru- 
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We are producing large 
quantities of 







SHACKLES 
EYEBOLTS 
HOSE CLAMPS 
THIMBLES 
WING SOCKET PLATES 
STRUT ENDS 
HINGES 
WASHER PLATES 
















and miscellaneous forgings 
for JN4D, HSIL and H16 
machines. Send specifica- 
tions and blue prints. We 
forge, machine and finish 
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Mermber Manufacturers 
Aircraft Association, Inc. 






Not only to 

maintain aerial 

supremacy over 

No Man’s Land, 

but to carry the 

war to Berlin <EEE=- 

itself this is Ba —_— = SE | 
the work to ; : = = 

which we are 

dedicated. 





—-+| STANDARD 


A I2EAL FIGHTING INDUSTRY 











































“Flexo” Aero 


RADIATORS 


The only 
core that 
can be so 


The only 
core tnat 
will stand 


severe bent 
landing without 
shocks. injury to 
the metal 

No sharp or soldered 
corners joints. 
to crys- 
tallize 

' through 

AJAX Auto and Aero Sheet Metal Company etheation. 


Manufacturers and designers of 
AERO RADIATORS INTAKE 
and EXHAUST PIPES 
H. W. MEYER, 245 West Fifty-fifth Street, New York 





“FLEXO”—PATENTED 


FLEXO MANUFACTURING CO. 


1312-13820 E. 12th STREET LOS ANGELES, OAL. 
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BALL BEARINGS 
THH FAFNIR BHARING CO. 
GURNEY BALL BEARING CO. 
HESS-BRIGHT MFG. CO. 

NEW DEPARTURE MFG. CO. 
Norma Company of America 
§, K. F. BALL BEARING CO. 
U. 8. Ball Bearing Mfg. Co. 


BALLOONS: DIRIGI- 
BLES 

Burdette Oxygen Co. 

Connecticut Aircraft Co. 

Custer Specialty Co. 

scope) 

Gas Engineering Co. (Gas 

Plants) 

GOODYEAR TIRE AND RUB- 

BER CO. 


(Stato- 


United States Rubber Co. 


BAROGRAPHS AND 
BAROMETERS 

Green, Henry J. 

International Aeronautical In- 
strument Corp. 

Sussfield & Lorch 

WAYLOR INSTRUMENT COM- 
PANIES 


BEARING METALS 
ALUMINUM CASTINGS CoO. 
American Bronze Corp. 
FAHRIG METAL CO. 

Levett, Walker M., Co. 
Magnolia Metal Co. 


BUSHINGS 
ALUMINUM CASTINGS CoO. 
American Bronze Corp. 

Bound Brook Oil-less Bearing Co. 


CARBURETORS 
H. & N. Mfg. Co. 
Master Carburetor Co. 
Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler & Schebler 
ZENITH CARBURETOR CO. 


CLOCKS AND 


WATCHES 
Chelsea Clock Co. 
Depollier, J., & Son 
Hamilton Watch Co. 
Ingersoll, Robert H., & Bros. 
Waltham Watch Co. 


CLOTHING 
Abercrombie & Fitch 
Cross, Mark 
N. Y. Sporting Goods Co. 
Rainwear Co. 

Rogers, Peet & Co. 
Sanders Company 
Spalding, A. G., & Bros. 


COMPASSES 
SPERRY GYROSCOPE CO. 
Star Compass Co. 
TAYLOR INSTRUMENT COM- 
PANIES 


DOPE AND VARNISH 
Adams & Biting Co. 

American Bmaillite Co. 
BROOKLYN VARNISH MFG. CO. 
CERTUS COLD GLUE CO. 
CHEMICAL PRODUCTS CO. 
Conover, The C. B., Co. 

DU PONT CHEMICAL WORKS 
Flexible Compound Co. 

Harland, Wm., & Son 

Howe Varnish Co. 

Lucas, John, Company 

Masury, John W., & Son 
Perry-Austen Company 

PRATT & LAMBERT 
Sherwin-Williams Co. 


(Continued on page 125) 


Smith, Edward, & Co. 
Standard Varnish Works 
VALENTINE & COMPANY 
Weeks & Co. 


DRIFT INDICATOR 
SPERRY GYROSCOPE CO. 


DRY KILNS 
Cutler Dry Kiln Co. 
DRYING SYSTEMS, INC. 
Grand Rapids Veneer Works 


DYNAMOMETER 


Sprague Electric Works 


ENGINE PARTS 
Allegheny Forging Co. 
ALUMINUM CASTINGS CoO. 
Anderson Forge & Machine Co. 
BARCALO MFG. CO. 

BROOKS MACHINE CoO. 

Burd High Compression Ring Co. 

Crosby Steam Gage & Valve Co. 

Dallet, Thos. H., Co. 

DOEHLER DIE CASTING CO. 

ERI SPECIALTY CO. 

Fibre Finishing Co. 

Gifford, Leland, Co. 

Gill, P. H., & Sons 

Hayes Mfg. Co. 

Hydraulic Pressed Steel Co. 

Levett, Walker M., Co. 

Meisel Press Mfg. Co. 

PARK DROP FORGE CO. 

Pressed & Welded Steel Products 
Co. 

3tandard Parts Co. 

3TIMPSON, EDWIN B., CO. 

Caft-Peirce Mfg. Co. 

TIOGA STEEL & IRON CO. 

Williams, J. H., & Co. 

Whitman & Barnes Mfg. Co. 

WYMAN-GORDON CO. 


ENGINEERING 
Automotive Engineering Co. 
ORDNANCE ENGINEERING CO. 
White, J. G., Engineering Corp. 


FABRICS 
Courtrai Mfg. Co. 
Hutchinson, Scott Co. 
Lamb, Finlay & Co. 
McBratney, Robt., & Co. 
Whitman, Clarence & Co. 


FELT 
Advance Felt Specialty & Cutting 
Co. 
Booth Felt Co. 
Western Felt Works 


FIRE EXTINGUISHERS 
Fyr-Fyter Co. 
JOHNS-MANVILLBE, H. W., CO. 
Pyrene Mfg. Co. 


GAGES 

Advance Felt Specialty & Cut- 
ting Co. 

BOSTON AUTO GAUGE CO. 
Crosby Steam Gauge & Valve Co. 
FOXBORO CO., INC. 
Greenfield Tap & Die Corp. 
United States Gage Co. 


GASKETS 
Advance Felt Specialty & Cut- 
ting Co. 
Booth Felt Co. 
Fibre Finishing Co. 


GLUE 
Armour Glue Works 
Baeder & Adamson 


CERTUS COLD GLUE CO. 
Ferdinand, L. W., & Co, 


WIDMAN, J. C., CO. 


AVIATION 


ARE YOU 
HAVING TROUBLE 
IN GETTING 
ENOUGH 


FILES 

DRILLS 

TAPS and DIES 
MACHINISTS TOOLS 
BOLTS 

SCREWS 


ETC., ETC. 
r 


We don’t claim we can 
take care of all comers, but 
we do claim an exception- 
ally large stock of these 
staples (all catalogued in 
our I100 page book No. 
169) and invite your in- 
quiries. 


Many of the largest con- 
cerns in the United States 
have found us very handy 
for the past 70 years. 


Why not you? 


HAMMACHER, SCHLEMMER & (CO. 


HARDWARE, TOOLS AND SUPPLIES 
4th Avenue and 13th St. New York, Since 1848 








$ 























































































124 AVIATION 






August 15, 191g 








THE DEFIANCE AUTOMATIC 
AIRPLANE PROPELLER LATHE 





IT HAS GOVERNMENT AND MANU- 
FACTURERS’ ENDORSEMENTS 


The proof of this lies in its use in England, in Italy, in 
Canada; its use in United States Government Arsenals, 
and fifteen of the leading propeller factories in America. 
Each machine in use releases from eight to ten skilled work- 
men for other duties. With one man operating a number 
of machines, the cost of working propeller blades close to 
size is reduced to a minimum. It automatically turns pro- 
peller blades of various sizes to any shape or pitch, and 
it will duplicate struts of irregular shape in facsimiles. 
Write for our circular which illustrates and describes this 
machine. 


THE DEFIANCE MACHINE WORKS 


DEFIANCE, OHIO, U. S. A. 


NEW YORK LONDON 














“DALTON SIX” 


In the Manufacture 
of Aeroplanes or the 
many small parts 
comprising a Unit 


“Dalton Six” 


is indispensable. 


Furnished for 
English or Metric 
Thread Cutting. 


One Manufacturer 
of fine instruments 
for aeroplanes now 
has 


(36) “DALTON SIXES” Installed 


Why Not Investigate? 
BULLETIN B602C GIVES DETAILS 


Dalton Manufacturing Corp. 
Successors to Dalton Mach. Co., Inc. 


1911 Park Avenue New York, U. S.A. 








For Two, Three and Four-Bladed 


Screws 


A brand new machine—designed and built with 
the thoroughness characteristic of all Mattison 
woodworking machines—which has been approved 
by many of America’s largest propeller manufac- 
turers. 

It works close to finish-size, thereby eliminating 
the greater part of the expensive hand work which 
usually follows the machining operation of other 
methods. 





Write or Wire for Details 


MATTISON MACHINE WORKS 


879 FIFTH STREET BELOIT, WISCONSIN 

















Ne. 2B PLAIN MILLER 
Single Pulley Drive 


13 chaste ™ No. 9 be axteiie. 
Cie ee, Sar 


Hardened machine steel gears throughout insure 
maximum driving power at all speeds. 


We also build Universal! Millers, Dividing Heads. 
Vertical Attachments and Vises. 


Write for Cirenlar 


THE FOX MACHINE COMPANY 
1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Rapids, Mich. 
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Aeronautical Trade Directory—Continued 


GOGGLES 


HARDY, F. A., CO. 
Meyrowitz, E. B. 

STRAUSS & BUEGELEISEN 
Strong, Kennard & Nutt 
Triplex Safety Glass Corp. 
Willson, T. A., & Co., Inc, 


HANGARS 


American Bridge Co. 

Anchor Corrugating Construction 
Co. 

Ashley Steel Bldg. Co. 

Austin Co., = 


Barney, John 
Howell, Field ry Goddard, Inc. 


Keasby & Mattison 
Milliken Brothers 

Pruden, The C. D., Co. 
Steel Fabricating Co., The 
Virginia Bridge & Iron Co. 


HOISTS 


YALE & TOWNE MFG. CO. 


IGNITION 


PHILIPS-BRINTON CO., THE 


LIFE PRESERVERS 


Robinson-Roders Co. 
Universal Safety Mattress Co. 


LUMBER 


Alcock Co., John L. 

American Balsa Corp. 

ASTORIA VENEER MILLS & 
DOCK CoO. 

Chetham Lumber Co. 

Delatour, J. 

Dutton, A. C., Lumber Corp. 

Ludlow, Israel 

Mengel, C. C., & Bros. Co. 

New Jersey Veneer Co. 

Sheip & Vandergrift 


LUMINOUS COMPOUND 


COLD LIGHT MFG. CO. 

Cummings, W. L., Chemical Co. 

RADIUM DIAL CoO. 

RADIUM LUMINOUS MATE- 
RIAL CORP. 


MACHINERY, METAL 
WORKING 


DALTON MFG. CORP. 
DEFIANCE MACHINE WORKS 
FOX MACHINE Co. 

Warner & Swasey Co. 


MACHINERY, WOOD. 
WORKING 


Curtis Machine Corp. 

DEFIANCE MACHINE WORKS 

Fay, J. A., & Egan Co. 

FOX MACHINE CO. 

Machinery Merchants, Inc. 

MATTISON, &. MACHINE 
WORKS 

Olney & Warrin 

PRYIBIL, P., MACHINE CO. 

YATES, P. B., MACHINE CO. 


MAGNETOS 
Berkshire Magneto Corp. 
Bosch Magneto Co. 
ERICSSON MFG. CO. 
Remy Electric Co. 
Splitdorf Electrical Co. 


MANIFOLDS 
AJAX AUTO & AERO SHEET 
METAL CO. 
Prensed & Welded Steel Products 


(Continued on page 127) 


METALS 


Aciera] Co. of America 
AMERICAN BRONZE CORP. 
American Vanadium Co. 
Bethlehem Steel Co. 
Betz-Pierce Co., The 

BLUM, JULIUS & CO. 
Detroit Pressed Steel Co. 
Federal Pressed Steel Co. 
Garland Ventilator Co. 
Gueder, Paeschke & Frey Co. 
KAWNEER MFG. CO. 

La Salle Steel Co. 

Levett, Walker M., Co. 
Rumford Metal Co. 
SO-LUMINUM MFG. & ENG. CO. 
Standard Alloys Co. 

Steel Sales Corp. 

STEEL PRODUCTS CO. 
STIMPSON, EDWIN B., CO. 
Wheeler, Frank H., & Son 


MODEL AIRPLANES 
Ideal Aeroplane Supply Co. 
Wading River Mfg. Co. 


MOTORCYCLES 
Excelsior Motor Mfg. Supply Co. 
HENDEE MFG. CO. 
Harley-Davidson Co. 

Militare Motor Vehicle Co. of 
America 


OILS AND LUBRICANTS 


BAKER CASTOR OIL CO. 
Graphite Lubricant Co. 

Gulf Refining Co. 

Sbeppard Ideal Ol Co. 

Sun Co., The 

Standard Oil Co, 

Swan & Finch 

Texas Co., The 

Vacuum Oil Co. 

WAKEFIELD, C. C., & CO., LTD. 


PACKING 
Advance Felt Specialty & Cut- 
ting Co. 
Booth Felt Co. 
Fibre Finishing Co. 


PHOTOGRAPHY 
BROCK, ARTHUR, JR. 
Herbert & Huesgen Co. 


PISTONS 


ALUMINUM CASTINGS CO. 
Levett, Walker M., Co. 


PISTON RINGS 


American Piston Ring Co. 


PONTOONS 


Niagara Boat Co. 
PALMER-SIMPSON CO. 
Welin Marine Equipment Co. 


PROPELLERS 
AMERICAN PROPELLER & 
MFG. CO. 


American Sash & Door Co, 

Aviauto Mfg. Co. 

Breitung & Co., Ltd. 

C. M. O. Physical Laboratory 

DOYLE, W. A. 

Hartzell Walnut Propeller Co. 

JACUZZI BROS. 

JAMESTOWN PROPELLER CO. 

Lang Propeller Co. of America 

Steves Sash & Door Co. 

Reinforced Propeller & Insulating 
Co., The 

United States Aero Propeller Co. 

Washington Aeroplane Co. 

WEST WOODWORKING CO. 








MARV ELITE 3 


Alight at Night 


V 
Be nvti LIT E | 


A Self-luminous 
Compound 
made with 


, RADIUM , j. 





A new book on 


Self-Luminous 
Radium Compounds 


Sent free on request 


Valuable scientific information for Watch, 
Clock, Compass and Instrument Manufactur- 
ers, who use luminous dials. Tells you how 
to select material that will meet your particular 
needs economically, and points out mistakes to 


be avoided. Contents, in brief: 


Phosphorescent Materials. Radium Luminous 
Compounds. Inspection of Self-Luminous Ra- 
dium Compounds. Life of Such Compounds. 
Comparative Luminosity of Fine and Coarse 
Crystals. High and Low Grade Marvelite. 


Send for the book today, and be fully informed on a 
subject which is going to be a vital one in your 
business. Keep it for reference. 


COLD LIGHT MFG. CO. 
558 West 158th Street : : New York 


"Cold \ Ligh Mf. i pe West 158th St., New York 
Please send us, without charge, your book on Self-Luminous 
Radium Compounds. 



























































RLM on Battle Planes 


VIATORS in the fighting forces do much 
of their flying at night. It is of para- 
mount importance that instrument dials be 
clearly visible at all times. That explains why 
Radium Luminous Material (RLM) is on 
aviation instruments in use at the “ front.” 





R L M is reliable as gravity and almost as per- 
manent. No wires, no switches, no upkeep. 









Instrument manufacturers 
will receive further informa- 
tion by addressing Dept. H. 


Radium Luminous Material Corporation 


= 


Res are 


Plants: Orange, N. J. 
Boonton, N. J. 


Utah 


55 Liberty St. 
New York City 


Mines: Colorado, 
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Elastic Aviation Cord — 


For Shock Absorbers on Airplanes 





We originated and have developed 
this special heavy elastic cord for air- 


rbers. 

We are the largest manufacturers 
in the world of Heavy BDlastic Cord 
and owing to our factory capacity we 
can make prompt deliveries. 


Samples on request 
J. W. WOOD ELASTIC WEB CO. 
FACTORY: STOUGHTON, . -i88. 
OFFICES 


plane shock abso 


New Yore 
- »« » CHIcaeo 
MONTRBAL, CaNaDa 


465 Bast 17TH SrTeect. 
181 W. Laks Sreeet 
82 St. Peree Steerer. 
















Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will «find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL C0.,34 Commerce St.,N. Y. 











le) 
TURNBUCKLES 


of the 


Highest Quality 


to Meet the Most 
Exact Requirements 


Standard Turnbuckle Company 
CORRY, PA. 


New York Office: Woolworth Building 
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Aeronautical Trade Directory—Continued 


PYROMETERS 
fpoxBORO CO., INC., THE 
Meter Co. 
at Instrument & Mfg. Co. 
gayYLOR INSTRUMENT COM- 
PANIES 
RADIATORS 
yaX AUTO & AERO SHEET 
METAL CO. 
AZ Co. 
Bush Mfg. Co. 
pi Arco Radiators Co. 
h & Mersick Co. 
FLEXO MFG. CO. 
Harrison Radiator Co. 
Udvingston Radiator Co. 
McCord Mfz. Co. 
ROME-TURNEY RADIATOR CO. 
STANDARD ROLLER BEARING 


RIVETS 
sTIMPSON, EDWIN B., CO. 


SCELEROSCOPE 


Shore Instrument & Mfg. Co. 


SHEET METAL 


FITTINGS 
BLUM, JULIUS & CO. 
Rogers Construction Co. 


SHOCK ABSORBERS 
DURAL RUBBER CORP. 
General Rubber Goods Co. 
Ohio Rubber Co. 
Bussell Mfg. Co. 
WooD, J. W., ELASTIC WEB 
co. 


SPARK PLUGS 
Bosch Magneto Co. 
Champion Ignition Co. 
JOHNS-MANVILLE, H. W., CO. 
Rajah Auto Supply Co. 
Bilvex Co., The 
Bplitdorf Electrical Co. 


SPEED INDICATORS 


FOXBORO CO., INC. 

JOHNS-MANVILLE, H. W., CO. 

Stewart-Warner Speedometer 
Corp. 


STABILIZERS 


Greene Aeronautical Co. 
Martin Aerodynamic Stabilizer. 
SPERRY GYROSCOPE CoO. 


STAMPINGS 
BLUM, JULIUS & CO. 
ENAMELING & STAMPING 
CORP. OF NEW YORK 
LANSING STAMPING & TOOL 
co. 
Dewes Co., The A. 
8TIMPSON, EDWIN B., CO. 


STARTERS 
Bijur Motor Lighting Co. 
Bosch Magneto Co. 
CHRISTENSEN ENGINEERING 
co., THE 
Dayton Engineering Laboratories 
Co. 
MOTOR-COMPRESSOR CO. 
Northeast Electric Co. 
Remy Electric Co. 
Wagner-Hoyt Electric Co. 


TANKS 


Janney, Steinmetz & Co. 


THERMOMETERS 
FOXBORO CO., INC., THE 
MOTO-METER CO. 

TAYLOR INSTRUMENT COM- 
PANIES. 

TIRES AND RUBBER 
DURAL RUBBER CORP. 
GOODYEAR TIRE & RUBBER 
co. 


Hodgman Rubber Co, 

United States Rubber Co. 

WOOD, J. W., ELASTIC WEB 
co. 

Whitley Exerciser Co. 


TOOLS 
American Tool Works Co. 
Bass Brothers 
BLUM, JULIUS & CO. 
BROOKS MACHINE CoO. 
Browne & Sharpe 
Buffum Tool Co. 
Cooper Aeroplane Co., The John 
D 


HALL-SCOTT MOTOR CAR CO. 


HAMMACHER, SCHLEMMER 
& CO. 

LANSING STAMPING & TOOL 
co. 


Peck, Stowe & Wilcox Co. 
Rich Tool Co. 

Rogers Works, John M. 
Smith & Hemenway 
Whitman & Barnes Mfg. Co. 


TRUCKS AND 
TRAILERS 


Federal Motor Truck Co. 
Four Wheel Drive Auto Co. 
Fruehauf Trailer Co. 

Nash Motors Co. 

Packard Motor Car Co. 
Sechler Company, The 
Service Motor Truck Co. 
White Company, The 


TUBING 
American Tube Co. 
BLUM, JULIUS & CO. 
Dewes Co., The A. 
Empire Art Metal Co. 
Frasse & Co., Peter A. 
National Tube Co. 
PENNS¥LVANIA FLEXIBLE 
METALLIC TUBING CO. 
STIMPSON, EDWIN B., CO. 


TURNBUCKLES 
Aero Mfg. & Accessories Co. 
DAYTON METAL PRODUCTS 
co. 
Dillner-Meyer Mfg. Co. 
ERIE SPECIALTY CO. 
National Aeroplane Co. 
New York & Hagerstown Metal 
Stamping Co. 
STANDARD TURNBUCKLE CO. 
STEEL PRODUCTS CO. 


WHEELS 
ACKERMAN WHEEL CO. 
Dayton Wire Wheel Co. 
Hayes Wheel Co. 

Mott Wheel Works 


NATIONAL WIRE WHEEL 
WORKS 

SPRANGER WIRE WHEEL 
CORP. 


Watson Wheel & Rim Corp. 
Wire Wheel Corporation of 


America 
WIRE 
American Steel & Wire Co. 
Century Telephone Construction 
Co. 
Electric Cable Co. 
ay YORK WIRE AND SPRING 


Rathbone, A. B. & J. 
ROEBLING’S SONS, JOHN A. 
Simplex Wire & Cable Co. 
Upson-Walton Co. 


WIRELESS 
American Radio & Research 
Corp. 
American Wireless Telegraph Co. 
Cutting & Washington, Inc. 


Crocker-Wheelcr Co. 
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A pencil 
that helps 


HERE’S more ex- 
pected of you as tech- 
nical men now than ever 
before—more work, 
greater speed, greater ac- 
curacy. 


All the more reason 
why you should make 
sure of getting the pen- 
cil that will help facil- 
itate your work. 


FLDopAD S O 


the master drawing pencil” 


is proclaimed by all who 
try it “A real American 
Achievement.” The hard 
grades draw clean, clear 
lines without smudge or 
scratch. The softer grades 
are smooth, responsive, easy 
to work with. Among the 
17 true degrees—6B (softest) 
to 9H (hardest)—is a pencil 
that will prove an efficiency 
device and a labor-saver 
every day in your work, 


Write us now on your letter- 
head for free full-length same 
ples of your favorite degrees. 


JOSEPH DIXON CRUCIBLE CO. 


Established 1827 


Dept. 146.J, JERSEY CITY, N. J. 
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Every Part Is Vital 


We work on the idea that in aircraft 
construction every single part of the 
whole should be as perfect as it can 
be made. A screw nail should be con- 
sidered as seriously as a propeller. 


We specialize in rubber parts for 
aircraft. Our chemists know how to 
produce good rubber—and they are 
allowed to do it. The men in our mill 
and calendar rooms are old, experi- 
enced rubber workers. 


The workmen are experts in their 
line and all of them are thoroughly 
saturated with the Dural idea—“ If it’s 
for aircraft it can’t be too good.” 


We are manufacturing grip handles; 
wire protectors; tail skid streamlining: 
radiator hose; vibration or wear reduc- 
ing pads; grommets; matting; pedal 
floor and foot holes; oil tubing; air 
tubing; petrol tank w ‘ashers : tubes and 
shock absorbers. 

Order these direct from us or, if you have 
an idea or suggestion for utilizing rubber in 
aircraft construction, our laboratories, plant 
and staff are at your disposal. Simply write 
to us outlining your idea. 


DURAL RUBBER CORPORATION 
Flemington, N. J. 


“DURAL-Above All” 
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THE FAFNIR BEARING CO. 


CONRAD PATENT LICENSEE 


NEW BRITAIN, CONN. 



































TRADE MAI 


Certus 


Cold 
Glue 


The Glue with a 
Grip that Never 


Lets Go 


Certus is the original 
waterproof glue, every 
package bears the trade 
mark, use no imitation. 
Ce 
ment requirements. It’s 


rtus met all govern- 


e one glue that does 


the , 
C F RTL 0 more than asked for. 


Get in touch with 


Certus Cold Glue Co. 


Factories at 


Detroit, Mich. Minneapolis, Minn. 
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Aluminum Company of America 
PITTSBURGH, PA. 


MANUFACTURERS OF 
Aluminum Ingot, Sheet, Tubing, Wire, 
Rod, Rivets, Moulding Extruded 
Shapes, Electrical Conductors 


GENERAL SALES OFFICE, 
2400 Oliver Building, Pittsburgh, Pa. 
BRANCH OFFICES: 


I, ovine tecenneséeeaie 131 State Street 
SS eee 1500 Westminster Building 
Cleveland....... 950 Leader-News Building 
nos easinonedasel 1512 Ford Building 
Kansas City......308 R. A. Long Building 
OS 120 Broadway 
Philadelphia... .1216-1218 Widener Building 
Rochester ........... 1112 Granite Building 
San Francisco.......... 731 Rialto Building 
Washington..509 Metropolitan Bank Bldg. 
CANADA 
Northern Aluminum Co., Ltd...... Toronto 


LATIN AMERICA 
Aluminum Co. of So. Am...Pittsburgh, Pa. 


ENGLAND 
Northern Aluminium Co., Ltd..... London 


Send inquiries regarding aluminum in any form te 
nearest Branch Office, or to General Sales Office 








HE RELIABILITY OF AN AIR- 
< pon IN ACTION DEPENDS 
LARGELY ON THE CAREFUL DRY- 
ING OF THE LUMBER USED IN ITS 
CONSTRUCTION. 
ERE KILN DRYING OF THE 
M GREEN OR SEASONED STOCK 
WILL NOT SUFFICE, BUT MUST 
BE FOLLOWED BY CAREFUL DRYING 
OF DIMENSIONED STOCK, GLUED-UP 
PARTS AND VENEERED PANELS. 


UR EQUIPMENTS FOR THIS KIND 
O OF WORK ARE USED AND AP- 

PROVED BY THE LEADING 
WOOD-WORKING AND MOTOR CAR 
PLANTS ALL OVER THE U. S. A. 


PRYING SYSTEMS, INC. 


320-322 NORTH MICHIGAN AVENUE 
CHICAGO : - ILLINOIS 


DEPENDABLE DRYING AND CONDITIONING 
EQUIPMENTS 














“The Cavalry of the 
Clouds and The 
Navy That Flies” 


are now being given exclusive and 
intimate expression through the 


Air Service 
Journal 


the official publication of the Air Serv- 
ice Association—the only service 
organization of the aviation branches 
of the Army and Navy. 


The Association was organized 
within the service, by flying officers, 
who elected their own officers, and its 
membership is made up of the men 
who are fighting and will fight our air 
battles. 


In addition to the established edi- 
torial features of AIR SERVICE JOUR- 
NAL—all the news of the Air Services 
each week, foreign aeronautical news, 
notes of the flying fields and ground 
schools, Air Service orders, special 
articles on aeronautical subjects, and 
photographs of aerial happenings all 
over the world—it will feature exclu- 
sive articles by officers of the Air Serv- 
ices through the editorial board of the 
Air Service Association. 


Special ojfer to new subscribers—two 
dollars a year, 52 issues; or one dollar 
for six months, 26 issues. Regular price 
three dollars, single copies ten cents 


THE GARDNER-MOFFAT CO. 


INCORPORATED 
120 West 32d Street New York City 


THE GARDNER-MOFFAT COMPANY 
120 West 32d Street, New York City 


Enclosed is ana” a } FOF ....seeeee dollars for 


which send me* AIR SERVICE JOURNAL for 
one year. 
six months. 
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WIRE WHEELS 


FOR COMBAT AND ALL OTHER TYPES 
OF 


AIRPLANES 


CONTRACTORS TO 
LEADING AIRPLANE COMPANIES 


<4 





Our Engineering Department 
will gladly cooperate with you 
in your experimental work 


SPRANGER WIRE WHEEL 
CORPORATION 


DETROIT, U. S. A. 
NEW YORK REPRESENTATIVE 
THOS. C. CHEASLEY 
137 West 47th Street Phone Bryant 8570 








Yates 


Type C-20 
- Propeller 


Boring 
Machine 


A recently per- 
fected machine for 
automatically boring 
the necessary holes in 
the modern aeroplane 
propeller hub in one 
operation. Extremely durable, compact, and effi- 
cient. Does absolutely accurate and uniform work. 
Specially designed so that no oil can get on and 
injure the stock. Either belt or direct motor drive. 


Send today for complete details 


PB. Yates Machine Co. 


BELOIT. WISCONSIN, U.S.A. 








































IN ACTUAL DAILY 
PERFORMANCE 


In every branch of military service—Engineer- 
ing Corps, Aviation Section, Quartermaster 
Corps, and general Patrol, Scout, and Dispatch 
duty—you will find the 


Sudian Motocucle 
“With Powerplus Motor 


Greatest strength, endurance, speed, power, accessibility, | 
and all-round dependability. 
We will be pleased to arrange demonstrations of all Indian 
models for interested military officials 


imustrated Indian Catasog and other de- 
scri plive literature sent anywhere on request 


HENDEE MANUFACTURING COMPANY 


= (Largest Motorcycle Manufacturers in the World) 
767 STATE STREET SPRINGFIELD, MASSACHUSETTS 























WEST WOODWORKING 
COMPANY 






(Patent Pending) 


Manufacturers of 


Westmoore Propellers 
Swesco Wing Beams 
Waterproof Plywood Panels 
Laminated Construction for All Parts 
Highest Quality 


Quantity Production 
Prompt Shipments 


Address: 
WEST WOODWORKING COMPANY 
308-324 N. Ada Street Chicago 


Cable address “SWESCO” 


Cabinet makers with over thirty years’ successful business 
behind them 
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STIMPSON-RIVETS 







Recucar a Sreciat 
Sizes We Maxe Screw Heao Naus Ano Rivers For Every Purpose. Onoan 


EYELETS, HOOKS, GROMMETS ano WASHERS ror SHOES, 


70 FRANKLIN AVENUE 70 = sheLter TENTS, CORSETS, LEGGINS, MAIL BAGS. BROOKLYN. NEW-YORK 












FOXBORO 
QUALITY INSTRUMENTS FOR AIRPLANES 


Airspeed Indicator or Buoyancy Meter Indicating Dial Type Thermometer 
Gasoline Level Indicator for circulating oil and water 
OIL PRESSURE GAUGE AIR PRESSURE GAUGE 


The Foxboro line also includes many different types of indicating and recording 
gauges and thermometers designed for all sorts of conditions and purposes. 


THE FOXBORO CO., Inc., FOXBORO, MASS., U.S.A. 


New York CHICAGO PITTSBURGH PHILADELPHIA St. Louis 
San FRANCISCO BIRMINGHAM, ALABAMA Peacock Bros., MONTREAL 






















ice——. LIBERTY TURNBUCKLES 








o—eee—ESODRPrecision Thread, made 100% accurate by skilled Americans 
o——=a 0 . . 
| soos Our Enlarged Plant will permit us to take your order 
(Oe 
o-<—s~-0 We specialize in Airplane Turnbuckles only. Send us your 
o-—s=-0 requirements today 


o—s—-o D. W. F. ENGINEERING CO. 
= PROVIDENCE, U. S. A. 



















ON THE PRESS 


* « * . s 
Aeronautical Engineering and Airplane Design 
By LIEUTENANT ALEXANDER KLEMIN 
Aviation Section, Signal Corps, U. 8S. A., in charge of Aeronautical Research Department, Airplane Engineering 


Department. Until entering military service, in ch arge of Department of Aeronautics, Massachusetts 
Institute of Technology and Technical Editor of Aviation and Aeronautical Engineering 











Price, Posteaip, iN THE UNiTEeD States, $5.00 net 


THE GARDNER-MOFFAT COMPANY, INC.., 
120 West THIRTY-SECOND STREET, NEw YorkK CIty. 


ADVANCE ORDER FORM 





Send me, by parcel post C. O. D., a copy of “ Aeronautical Engineering and Airplane Design” as soon as issued. 


Ph FE xo. Soin Fa hak Dea ee ok Oe oes asa MEMO nv dn vis civnn dep nkenen tse eae 
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SEAMLESS STEEL TUBING 


Large Stock on 
Hand 


Prompt Mill 
Deliveries 





ee Se 


COLD DRAWN SHAFTING AND SCREW STEEL 
Eastern Distributor: BORDENTOWN STEEL & TUBE CORP. 


JULIUS BLUM & COMPANY 510-512 West 24th Street, New York, N. Y. 


Branches: Boston, Chicago, Philadelphia 








ORDNANCE ENGINEERING CORPORATION 


NEW YORK OFFICE LONDON OFFICE 
120 Broadway, Equitable Building 19 Queen Anne Chambers, Westminster, S. W. 
Government Contractors : Consulting Engineers 


Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 


Designers and Builders of Military and Naval 
AIRCRAFT 














LYING SCHOOL can accommodate 

six more students at once, teach- 
ing the United States and French 
methods of flying, using Miuilitary 
Tractors, dual Dep control and Curtis 
motors. Excellent living accommoda- 
tions—hotel or private. Ideal field and 
surroundings for grasscutter and solo 














Aviation Photographic Equipment fligh Ss. ; 
The Brock Automatic Camera, Type IV 7 ied _ agg Students 
The Brock Automatic Camera, Type V Wma. T. Coen, Genepal’ Manner anit Deadlies Engineer 
Enlarging Machines, Scale Map Printing PITTSBURG AIRCRAFT COMPANY 
Machines, Special Map Drawing wince nro 
Instruments 





Field Dark-Room (Collapsible) 
The only Cameras that permit good 


enlargements from negatives made at D’Orcy’s Airship Manual 


speeds of over 100 miles per honr. 


“A singularly timely and useful work, 
ARTHUR BROCK, JR. which does for the pb navies of the 


OrFice—511 Butiitr BuiLpinc, 131 So. world something like what Brassey’s 
FourtH STREET Annual does for the marine fleets.”—New 
Factory—s33 No. ELeventu Street York Tribune, June 8, 1918. 
PHILADELPHIA, PA. $4.00 
Scientific Instruments, Tools, Dies, Jigs and 
Fixtures THE GARDNER-MOFFAT CO., INC. 


Factory occupies 23,000 square feet of floor space » -— ¢ ~ - 
Screw Machine Capacity up to 2% inches. 120 W est 32d Street New York 

















Augus' 




















August 15, 1918 


AVIATION 












y, For Your Flying 
= <—- Boats Use 








Send for Booklets— 


‘‘Marine Glue, 
What to Use 
and How to Use 
It” and 

‘‘How to Make 
Your Boat 
Leakproof.” 








) L. W. Ferdinand & Co. 


152 Kneeland Street 
Boston, Mass., U.S. A. 
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PASCO 


Wire Wheels For 
AIRPLANES 


USED ON THE BEST 


ORDERS NOW BEING TAKEN FOR 
PROMPT DELIVERIES 


WRITE FOR PRICES 
National Wire Wheel Works, 


GENEVA, NEw YorK 


Inc. 
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FOR FLYING BANS 
ee: 
Palmer-Simpson Corporation 
Saranac Lake, N.Y 





























DON’T SCRAP ALUMINUM PARTS 


USE SO-LUMINUM—NEW WELDING SOLDER 





“— Broken 90 H. P. Fiat crank case repatred sor the Untted States Navy tn stz 
hours’ time and at $15.00 expense by use of So-Luminum, as against $400.00 and: flve 
months’ time to get a new one—ts in perfect condition after two years’ use. Use 
gasoline or blow torch——no fluz or spectal tools required. 

Booklet and directions en request. Sample bar, $1.00. Used and mdorsed 
by the United States Army and Navy, auto and aero. companies, and indorsed 
by the) British Munitions Board. 

SO-LUMINUM MFG. & ENG. CO., inc 


Room 25, 1790 Broadway New York City 























ENGINEERING PRESENTATION OF 


INVENTIONS 


AERONAUTIC, MUNITION, MOTOR, GAS AND 
FLAME, SUBMARINE, POWER, TANKS, 
WEAPONS, INSTRUMENTS AND 
ACCESSORIES. 


IDEAS INVESTIGATED, CALCULATED AND DEVELOPED 
PREDICTED VALUES and STRESS 
DIAGRAMS 


PLANS, GENERAL DESIGN AND DETAILED 
MANUFACTURING DRAWINGS 


AUTOMOTIVE ENGINEERING COMPANY 


7TH FLOOR, 120 SOUTH STATE STREET, CHICAGO, ILL. 


















STRAND AND CORD 


Thimbles and Ferrules 


John A. Roebling’s Sons Co. 


TRENTON, NEW JERSEY 


Agencies and Branches 
New York Boston Chicago Philadelphia Pittsburgh Cleveland 
Atlanta San Francisco Los Angeles Seattle Portland, Ore. 
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All recognized builders 
of airplane motors in 
America use Zenith on 
their product. 


Zenith Carburetor 
Company 


New York DETROIT (Chicago 


PROPELLERS| 


WA DOYLE 
TRENTON NJ 








JIGS 
TOOLS 
DIES 


"arinper STAMPINGS 


E realize in air or at sea there should be no 

faulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL CO. 


LANSING, MICHIGAN 


METAL 
HOSE 


For every 
Airplane Requirement 


Write for 
specifications and 
prices 
PENNSYLVANIA 
FLEXIBLE 
METALLIO 
TUBING 
COMPANY 
Broad and Race 
Streets, Philadelphia 


New York, Boston, 
Chicage, Detroit, 
Cleveland 








LEYGRAND &CO. 


120 Broadway, New York 
MILL AGENTS 


ALUMINUM SHEETS 
Screw Stock, Rod and Wire 











Aviation 
Barometer 


Made in U. 8S. A. 


Write for 
Information 


Kaylor [Instrument Companies 
Rochester, N. Y. 
U. 8S. A. 
For over siaty 
years makers of 
scientific inetru- 
ments of 
superiority 














THE BROOKS MACHINE CO. 


Designers and Manufacturers of 


SPECIAL TOOLS, 
GAUGES OF ALL KINDS, 
JIGS, FIXTURES and PARTS for 
AIRPLANE ENGINES 


YORK, PENNA. 








Wisconsii1, 


AEROPLANE MOTORS 


are correctly designed with the highest 
quality materials and workmanship. 
Write for catalog of 6 and 12° cylinder models. 


WISCONSIN MOTOR MFG. CO. 


Station A. Dept. 338. Milwaukee, Wis., U. S. A. 
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‘U.S. and Foreign Governments PB 4 | 
| Approve The “Perfect Starter” erling Magneto | 
This is a compressed air starter convertible to an air com- 


s F 
pressor for storing the air for its own energy. It has ample fal — tie es rs | h rey @ fat 
power and speed for magneto starting. 

spark atany 





Model C—For starting engines up 


to 250 H.P.; weighs 39 lbs. and com- e 
plete for singie engine installation Worth more re | i t I t ud e 


70 lbs., for twin engines 110 Ibs. Does more 
Model D—For starting engines up 
to 150 H.P.; weighs 34 Ibs. and com- Manufactured 
plete for single engine installation 
58 lbs., for twin engines 96 lbs. by the 
a 
Write for Booklet Ericsson Mfé.Co. 


THE MOTOR-COMPRESSOR CO. Buffalo N.Y. U.S.A. 


Newark, New Jersey, U.S. A. 





















DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 
in the automobile and airplane industries. 


DOEHLER DiE-( 


MAIN OFFICE AND EASTERN 


Aeroplane Cylinder Forgings 


We make a specialty of hollow forging in dies 
under our hydraulic presses, aeroplane cylinder forg- 
ings of high and low carbon O.H. or alloy 

We have furnished cylinder forgings to practically 
all the engine builders in the United States. 


Also Propeller Hubs, Flanges and Shalts,etc 


Miscellaneous steam hammer and hy- 
draulic press die forgings of all types. 






















aay. ss Quick service our specialty 
TOLEDO.OHIO. NEWARK. N.J. 
; , TIOGA STEEL & IRON COMPANY 
Grose & Bronce Aluminum ond’ While Metal Alleys Sand & Grays Avenue Philadelphia, Pa., U. S. A. 


















‘Supremacy in the Air the Key to Victory! ”’ 
Learn Aviation Mechanics 


Train Yourself for the Aviation Service and the Aircraft Industry 
by taking advantage of 
Our Ground Course in Aviation Mechanics 
Affording preparation prior to entering Government Ground 
School, covering aero-dynamics, aero-engines, rigging 
and Lewis gunnery. Previous experience unnecessary. 
WE ARE THE PIONEER AVIATION SCHOOL 
Aviation Mechanics Course 560 Aero-Engine Course $3 5 


I os Coos Sideesee (4 WORE). 06s cccee 


ity A$ 





Specialists in Heat- 


Wireless Course (4 weeks). .. .$25 
Write for our Illustrated Booklet ‘*F"’—*“‘A Message to You on Aviation”’ Treating Vanadiums 
110-114 West 
42d Street 





Becton ol New York Wire © Spring Company 
New York 586 Washington Street, New York 


























Classified Advertising 


10 cents a word, minimum charge $2.00, payable in advance. Address replies to advertisements with box numbers 
AVIATION AND ABRONAUTICAL ENGINEERING, 10 West 32d Street, New York. Reem, anne af 








a 

















WANTED—Experienced airplane mechanics and riggers. FOR SALE—100 h.p. Curtiss O. X. motor in perfect condi- 
Address Loening Aeronautical Engineering Corp., 45 11th tion, just overhauled, if sold quick, $1,850. H. A. Sperl, 1000 
Street, Long Island City, N. Y. South Hope Street, Los Angeles, Cal. 

WANTED—Position as chief draftsman, several years’ ex- 

Perience, thoroughly competent on airplane production draw- 
Box No. 89. FOR SALE—U. S. Aeroplane Patent. Does not infringe on 








. Wright Patent. Has automatic ailerons, universal rudder, 
ee TED —Siz-cylinder Anzani motor in good condition, stagger type to up date model. Address Otto Fenn, Lincoln 
x $5. Park, N. J. 
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' We manufacture the following parts for airplanes 


All Standard Types of Turnbuckles 
Tie Rods and Clevises 
Thimbles Bolts 


and Clevis Pins 


_eme we Ce oe Se OC SC 









THE 


DAYTON METAL PRODUCTS CO. 


DAYTON, OHIO,UU. S. A. 
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PRATT & LAMBERT 
AIRPLANE VARNISHES 


S pioneers in the study of 
the application of varnish 
requirements to the airplane in- 
dustry, we offer to all airplane 
manufacturers an unusual ex- 
perience and service through our 
Airplane Varnish Laboratory. 





We are manufacturers of air-drying and baking varnishes, enamels 
and finishes for brushing, spraying and dipping, for all aircraft purposes, 
including the following: 


Impermalin — a waterproof varnish for wood and fabric 
Anti-Actinic Wing Enamel, a//co/ors Navy Pontoon Enamel, a// colors 
Liquid Wood Filler Metal Fittings Lacquer 
Propeller Varnish Insignia Coatings 


PRATT & LAMBERT-Iwnc. 
Pioneers in the Manufacture of Airplane Finishes 
134 TONAWANDA STREET 
BUFFALO, N. Y. 
FACTORIES 
NEW YORK BUFFALO CHICAGO 
BRIDGEBURG, ONTARIO 
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Stake the life of @ man or the success of a battle— 


For, in addition to all the usual qualities of 
average ball bearings, this Hess-Bright Product 
has unusual wearing power—due entirely to 
exceptional choice of metal for their making, 
combined with painstaking care in their finish. 
They stand excessive strain and stress with 


against the integrity of an assemblage of metal 
parts and the question of the bearing’s quality 
becomes a definite thing. @ And in aeronautics 
the stake is all that—and more. So the use 
of bearings in such service becomes the finest 
testimonial for their makers. In this respect 
it’s interesting to note that Hess-Bright Ball 
Bearings are fit to serve. 


unfailing dependability. It is this that has made 


them standard. 


THE HESS-BRIGHT MANUFACTURING COMPANY 
Philadelphia, Pennsylvania 

















Model O X 5 Curtiss motor equipped 
with S K F Ball Bearings 
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This caution displayed at the Aviation Training 
Shops is the beacon that warns against carelessness. 
An overheated or improperly lubricated bearing may 
be the cause of sending the best built airplane crash- 





ing to the earth. SKF equipped airplanes are not 
subject to hot bearings, nor will SKF bind when 
reversements and spinning nose dives cause the whole 
structure to rack and creak. SKF Ball Bearings are 
self-aligning. 


SKF" BALL BEARING CO. 


HARTFORD CONNECTICUT 






































